
DOCUMENT RESUME

ED 127'192' SE 021 229.
. .

AUTHOR Adams, Patricia A., 51. Nyberg, Luanne, Ed.
TITLE Change and Calculations: MINNEMAST Coordinated ,

Mathematics - Science Series, Unit 24
INSTITUTION Minnesota Univ., Minneapolis. Minnesota School

. Mathematics and Science Center.
SPONS AGENCY, ,National Science Foundation, Washington, D.C.
PUB'DAft . 71 -

NOTE . 158p.; For related documents, see SE021201-234;
r Photographs may not reproduce well

AVAILABLE/FROM MINNEMAST, Minnemath Center, 720 Washington Ave.,
S. E.., Minneapolis, MN 55414

EDRS PRICE MF-$0.83.HC-48.69 Plus Postage.
DESCRIPTORS *Algorithms; Computers; *Curriculum Guides;

Elementary Education; *Elementary School Mathematics;
*Elementary School Science; Experimental Curriculum;
*Interdisciplinary Approach; Learning Activities;,
Mathema'tics Education; Measurement; primary Grades;
Process Education; Science Education; Units of Study
(Subject Fields) ..

. 'IDENTIFIERS * MINNEMAST; *Minnesota.ylatj!!matics and Science
Teaching Project

ABSTRACT
This volume is the twenty-fourth in a-series of 29

coordinated.MINNEMAST units in mathematics and science for
kindergarten. and the primary grades. Intended for use by third-grade
teachers, this unit guide proiides a summary and overview of the
unit, a. list of materials needed, and descriptions of four groups of .

lesSons,and activities. The purposes and procedures for each activity
are dis-cugsed. Examples -of-que-stton-s--ancd--d-i-sciision-topics
and in, several cases ditto masters, stories for reading aloud, and
other instructional-materials are included in the book: This unit
covers both comnytaticnal and measurement ideas. In .the two sets of
lessons on computation, tlifeclass simulates a computer in activities
designed to promote understanding of addition and subtraction in a

.place value system. Measurement activities are related to' liquid
volume, length and time. Two job booklets, one on pouring and the
other on balancing as methods of measurement, provide activities for

'independent work by Students. (SD)

**********************************************************************i.
* Documents acquired by ERIC include many informal unpublished
* materials not available frOm other sources. ERIC makes every effort *
* to obtain the best copy available. Nevertheless, items of marginal *
* reproducibility are often encountered and this affects the. quality *
* of the microfiche and hardcopy reproductions.ERIC makes available * .

* via- the ERIC Document Reproduction Service (EDRS) . IDES is not
* responsible for the quality of the original document. Reproductions *
* supplied by EDRS are the best that can be made frci the original. *
***********************************************************************

tfr



BEum Imo adir G

. ,
. "

.1(
*IN

air am .1114E0

CAMPOILA'T.IO NS.
.



MINNEMAST COORDINATED MATHEMATICS-SCIENCE SERIES

c.E

1.

2:

WATCHING AND WONDERING

CURVES AND SHAPES

3. DESCRIBING 4tND'CLASSIFYING

c.E
4. USING OUR SENSES

A'z 5. INTRODUCING MEASUREMENT

6, NUMERATION

7 . INTRCDUCING SYMMETRY

g.

B. OBSERVING,PROPERTIES

9. NUMBERS AND COUNTING

O. 1 DESCRIBING LOCATIONS

1 1. INTRODUCING ADDITION AND SUBTRACTION

12, MEASUREMENT WITH REFERENCE UNITS

1.3, INTERPRETATIONS OF ADDITION AND SUBTRACTION

14, EXPLORING SYMMETRICAL PATTERNS

15, INVESTIGATING SYSTEMS

c.E
16, NUMBERS AND MEASURING

amt

17, INTRODUCING MULTIPLICATION AND DIVISION

O 18. SCALING AND REPRESENTATION

-20 19. COMPARING CHANGES

20. USING, LARGER NUMBERS

21. ANGLES AND SPACE

22, PARTS AND PIECES

23, CONDITIONS AFFECTING LIFE

24. CHANGE AND CALCULATIONS

25 MULTIPLICATION AND MOTION

26, WHAT ARE THINGS MADE OF?
5 27, NUMBERS. AND THEIR PROPERTIES

28. MAPPING THE GLOBE

29/ NATURAL SYSTEMS

OTHER MINNEMAST PUBLICATIONS

The 29 coordinated units and several other publications are available from MINNEIyIAST on order.
Other publications include: ..

STUDENT MANUALS for Grades 1, Vand 3, and
printed TEACHING AIDS for Kindergarten an Grade I.

, 4
. -

LIVING THINGS INFIELD AND CLASSROOM
(MINNEMAST Handbook (or all 'grades)

ADVENTURES INSCIENCE AND MATH
{Historical stories for teacher or student)

QUESTIONS AND ANSWERS ABOUT MINNEMAST .

Sent free with price fist on request

OVERVIEW 3

(Description of content of each publication)

MINNEMAST RECOMMENDATIONS fOR SCIENCE AND MATH IN THE INTERMEDIATE GRADES
(Suggestibns for programs to succeed the MINNEMAST Curriculum in qrades 4, 5 and 6)

o



9

Cww....NTG
CALCULATIONS

UNIT

NIMAST

//: N

l; I

MINNESOTA MATHEMATICS AND SCIENCE TEACHING PROJECT
720 Washington Avenue S. E Minneapolis, Minnesota 55455



r rteplYne
2.,

MINNIRlyEAST

37,,,,4

4.;/':.'..,,, ....

.. .6....e..,,, t., JA
rte`,, (Y...t. ,...,.

,--...%.,. ,i". Q .
DIRECTOR jAMESH. 'WERNTZ, JR.

Professor of Physics . . i.-

University of Minnesota l', '1, '-. ';, .

ASSOCIATE DIRECTOR
FOR SCIENCE

i f,t
; c-'-'------7ASt5triiTE-DIF.E$TOR WELLS HIVELY II

FOR RiSEARCHIXND EVAI,Ti.4,TI.ON Associate Professor of Pgychology
1

i ,-, University of Minnesotaj
1 -

ers--/,-e,--4..4vcs .

E < pt forithe'rights.to materials reserved by others, the publisher
agtt'dp7iight owner hereby grants permission to domestiC persons of..

,

,,,ztr:rtle United States and Canada for use of this work without charge in
'''-' Pi,glish language publications in the United States-and Canada after

-cjuly 1; 1973, provided the publications' incorporating materials covered
)

)4: _-c \1-) ,- byk these copyrights contain acknowledgement of them and a statement-
-, , \

il-) - .1'7,1 tnat the publiqation Is endorsed neither by the' copyright owner nor the4/., I' NatiOnal Science FOundation.- For conditions of use and permission to...
use \inaterials contained herein for foreign publications or publications
,in of er than the English language, application must be made to: Office
of the University Attorney, University of Minnesota, Minneapolis,
Minnesota 55455.

ke Minnesota Mat ematics and Science Teaching Project
deyeloped. these ma erials under a grant from the
National Science Fo ndation.

© 1 69, University o Minnesota. All rights reserved.
N

. ROGER S. JONES
Associate, Professor of Physids
University of Minnesota

Third Printing
1971

5



C GE AND
CALCULATIONS

si sie,11,i

-;. This unlit was developed by MINNEMAST on the.,..,, basis d experiences of the many teachers who- ." scspo 0;',
1

taught an earlier version in their classrooms. .

-,I
"14 --.._., ::-/

%I-

PAUL REDIN
Associate Professor of Mathematics
Bethel College

ROY W. MUCKEY,
Instructor
Hemline University

tv

0

EDMUND C. BRAY Assistant to Director
CutriculuM Materials.
Development

PATRICIA A. ADAMS Editbr,
LUANNE NYBERG Editor
MELISSA MILLER Assistant

SONIA FORSETH Art Director
CHARLES BIORKLUND Illustrator
JUDITH L. NORMAN Illustrator

STEVE SORMAN Illustrator
t



Ju
ne

M
ay

A
pr

il
M

ar
ch

Fe
br

u
ry

Ja
nu

ar
y

D
ec

.
N

ov
em

be
r'

.
,

,,

O
bt

ob
er

Se
pt

em
be

r
In .

.

.

7'
.-

.

.
.

-
.

"

I
1

j
1

1.
I

I
,

I
I

Ju
ne

/v
iy

A
pr

il
M

ar
ch

Fe
br

T
ry

Ja
nu

ar
y

D
ec

.
N

ov
em

be
r

O
ct

ob
er

Se
pt

em
be

r

C
,

co

1.
A

C
D I6 yO



CONTENTS

Materils List

IntreL 17.tion

vi

viii

Section I. Addition 1

Lesson I The TPieces Computer 3

Les son 2 Adding and Regrouping with the Computer 17

Lesson 3 Place Value 22
Lesson 4 Addition with a Numeral Computer 29
Lesson 5 Developing the Vertical Form for Addition 36
Lesson 6 Addition Practice Games, 40

Section 2. SubtraCtion 44

Lesson 7 Computer Subtraction 46.

Lesson '8 Computer Subtraction with Regrouping 53

Lesson 9 Developing the Vertical Form for Subtraction 57

Lesson 10 Subfraction with Regrouping in Vertical Form 63

Lesson.11 Addition and Subtraction Games 68

Section 3. Measurement . 71

Lesson 12 Liquid Volume Measure 73

13 Lencith "90__Lesson
Lesson 14 Time 96

Section 4. The Pouring System and the Bala'rice. Beam System 100

Pouring System Job Booklet Reductions 107

Balance Beau! Job Booklet Reductions 125

Appendix (Sheets A and B) 144



total number
required to
teach unit

Complete Listof Materials for Unit 24

(Numbers based on class size of 30.)

item

30 **Student Manuals.

* marking pen

lessons in
which item

is used

1, *masking tape 1,3,7,9,12,
14;Section 4_-

30

1

30

30

15 pr.

I

19'

9

4

2

1

\

* *Sheets A and B I

abacus (optional) ,1 ,'
scissors 2

* small plastid bags 2-14

*dice labeled 0-5 and 4-9 6

*ruler or straightedge 7"

*half-pint containers 12

* pint containers 12

*quart containers 12

*half-gallon containers 12

gallon container 12

1 *water dipper of cup (measuring) '1 2,Section4

1 *yarn or string 12

I large pail (optional) I 2,Section 4,

-I sponge (optional) 12

15 * yard and meter sticks 13

1 clock with second hand 14

2 * plastic tubes Section 4

30 lengths * centimeter tape Section 4

I. * butcher tray Section 4/

30 ea. color, *red, black and silVer paper clip's Section 4

I * beam support block Section 4

*kit items as well as
`,** printed materials available from Minnemath. Center,

A720 Washington Avenue S .E. , Minneapolis, Minn.. 55455
t.

vi



o-
INTROD1.10TION4 .

4

In the fipt two sections of the unit, the children set up a
computer to work addition and subtraction pioblems. These
problems scan be written in several ways:

I. horizontatly 25 + 71

2. vertically
+71

3. in T notation 2T1 + 5TO
+'7T1 + ITO

Regardless of the form of the problem, the same rules are
followed. We add or subtract the numbers in each place
(5 + 1 and 2+ 7) to get the sum or differenCe. Though most
people prefer to write addition and subtraction problems
vertically and to work from right to left, this need not be
done. No matter how the problem is set up, we still follow
the rule that the numbers in each place mustbe added or
suttcacted to find the answer.

In Section 1 algorithms (rules) for addition are developed with
heavy emphasis on the place value system, The children
review T notation for expressing place value. In T notation
the number 385 would be rewritten as 3T2 + 8T1 + 5TO. Since
T Stands for 10, the ten's place is called T1.because the
elements have been grouped by ten just once. The one's
place is called TO because no groups of ten have been made
in this place, and the hundred's place is called T2 because
we have grouped by tens twice. Each place is ten times as
great as the one to its right (TO = 1, T1 = 1.OTO or 10,
T2 = 10T1 or 100). First the children do addition using a .

T-piece compliter. Thea they add,Using numerals in their
computer. Finally the vertical form tbr addition is developed
from an addition. chart which represents the computer.

10
viii
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Section 2 develops the subtraction algorithm, again with......
emphasis on plaCe ,value.: The children set up a computer
and work subtraction problems with T notation. The progres-
sion of subtracting with a computer, then a chart and finally
in the standard vertical fo m is similar to the format and'
procedures for addition in ection 1.

Section 3 involves measure ent systems of length, volume
and time duration. These s stems will contrast the place
value of the base-ten numeration system the children worked
with in Sections 1 and 2. The children will pee that measure-
ment units for length and time duration are not regular. That
'is, there are 12 inches in one toot but only three feet 'in one
yard and there are 60' Minutes in one hour and 24 hours in one
day. For volume measures the children set up a 'base-two
computer and find that those units are regular: 'two pints
equal one quart, two quarts equal one half-gallon, etc.
Besides learning different measurement units, the children
should. compare the different place values of measurement
systems to the base-ten numeration system.

Section 4 is made 'up of two job booklets which thy children
will\complete .independently. 'One of the booklet is a
pouring,system and the, other presents a balance eam system,
By pouring water from dne measured tube into an ther or
balancing a meter stick, the children generate, o dered pairs.
They graph these pairs and, use them to predict ew states of
their systems. The booklets are designed to be self-instruc-
tional With a minimal amount of help from you.

Each booklet Should be .completed in one week.

ix
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NOTES ON TEACHING-THIS UNIT

This LuiliTstIrbe-taugh4concurrently with Unit 23, Conditions
,Affecting Life, 'Starting one week 'after Unit 23. Sections ,1',
through 3 should be taught for apprOximately°30 minutes each
day, for fodr weeks. The Job Booklets of Section 4 will take
fwo weeks to complete. For the first week, half of the class

-completes the Pouring System 'Booklet while the other half
completes the Balance Beam System Booklet. During the
second week each group of children completes the other
booklet.

For Lesson 12 of Section 3, you or the children must provide,
one half-gallon container and one gallon container. Milk
cartons or plaStic pitchers work well.
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SECTION I *ADDITION

0

.

PURPOSE

- To develop an understanding of and .facility -in tis-ing
.place value (T- notation).

.To introduce and provide practice with the addition
algorithm.

To prdvide game situations for enjoyable practice with
basic addition facts and the addition algorithrri.

COMMENTARY.

In Lessons Land 2 a classroom computer is set up using chili:
dren as components. Each desk represents one place in'the
place value system. The children develop rules which tell
the computet how to add using T. pieces. It does so by

57, physidally combining pieces which represent the number of I.

elements in each place. The rule of combining.the elements!
in each place is always followed, though the form for writing
addition problems changes as the section progresses.

An..algorithm for regrouping is developed in Lesson 2. The 1

children learn that they must trade 10 pieces for I of the next
larger piece6e, For example,. 10 TO pieces, are traded for I T
piece; When th computer 'adds a problem such as 9 + 8, th
T0 place will receive first 9 T° pieces and then 8 TO pieces.
The child at thal place trades 10 of, his 17 T° pfeoces, for I T1
piece. He then gives -the 1-T1 piece tothe child at the next

t1 place, and keeps the 7 T° pieces at .the-TO place.

rn Leison 3 the children explore the place Value system further
by makktig representations of the T3 ,and T4 places .. They tape
togekhei -1 0 T2 pieces/to make a T3, piece and then 10. T3 pieces; .to make a T4 *-piece. The idea that the place value system goeslir: on ah0',on is developed

"=-.

In Lesson 4 the rules for the T:piebes computer'are :modified
S Q that nuinerak, written on slips of paper are accepted by the
computer and added mentally by the children who are computer
components. Whet the problem, 9 + 8 is added with the numeral

. , .

114.
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.
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computer, the child at the T° place will receive a Slip of
paper marked 9T° and another marked 8T°. He adds these
mentally and fills out one slip fo'r each place value repre-
sented in the sum. That is, the sum 1.7 is rewritten as
ITI 7T0. He passes the IT I slip to the II place. ThoUgh
the form of regrouping has changed, first using .T pieces and
then using numeral- slips, the rule that 10 elements are
grouped and passed to the next larger place remains.

When 'the children are familiar with the addition process using.
the numeral compute, the vertical form for adding is developed.
In Lesson 4.a Chart is) draWn on the ch,alkboard which represents
each place in the computer. The children add a problem using
the computer while you add it using the chart. You stress the
fact that the place value addition is the same using both methods.
In Lesson 5, .lines are removed from the chart until only the
.vertical form for writing addition problems remains.

Ganies in Les Sons 3 and 6 provide an enjoyable way for the .

kahildren to practice the basic addition. facts. These games
can be modified to include "" more diffidult problems as the chil-
dren become proficient. Since most of the games require only
a few 'minutes to play, .one or more of them should be used
almost every day throughout the year.

' ;

2.

T

O
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Lebson I: THE T-PIECES COMPUTER

This lesson b gins a review of addition and place value using
the. T notat on approach that the children worked with ins Unit
20. You may find that they need to regain,tamiliarity.with this
system: For thiS reason Material from second grade has been
included in the activities.. Those children who do not recall
T notation will have considerable experience with 'it in the
first few lessons. Be sure to use T notation language your-
self but dO riot derhand thaethe children use it exclusively.

,....-.:... .
The children make tileir own classroom computer in which they
serve as components. A set Of rules is devised that tells the,
computer how tq ad numbers and respond with the sum. The
operation of the computet stresses place value and .provides

. .practice using thl addition facts. ,,,
,

The- time_aklowed for thiS lesson is-two'. days. If the children t,

e------remember T notation from th second grade; Activity A should
go very quickly and)eiti- loud d start Activity B on the same day.
If 'many children in your class do not understand T notation;
spend the first day on Activity A only.. ,The rate of progress
through these first thtee Lessons will depend on the abilities of
the children. Feel free to speed up the 'Introduction to the,com-
puter in Activity B if you think the children understand the pro- .cedure. (:.

MATERIALS

3 latge sheets of paper, one each labeled T I ,

marking .pen

masking tape

T2

set of T pieces made from 5 copies 'of Sheet A and I copy
Of Sheet B .(a,vailable from MINNEMAST)

abacus (optional)

-- for each.child
sheet. of paper

Worksheets I -.3

I t

3

..



'PREPARATION.

Make a set of T piedes. by cutting up five copies of Sheet A
and one copy of Sheet B. should now have one set of T
pieces, containing 19 T2 'pieces,, 18 T1 pieceS' and 20 TO

pieces. ,(Full-size ,copies''of,Sheets A and B can be found in
the Appendix.) Lab41 three large sheets of paper TO, T1,. and,
.T2

4

Unit 24
Sheet A (5 per child)

,

Cut-on dark lines. Cui"2-T2 pieces from each Sheet,AA,..,

T2 Piece' 'I T2 \piece
...: -

i:

i

.

1

r---.....

___t_...

I.,

!i

,

I

r- -t-

0. .

,
..L

-
-a-

r

III

18.
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PROCEMIRE

Activity A

Read. the story, "The Amazing Machine" to the class. The
. .

story is on page 7. .

4

4ry

19
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THE AMAZING MACHINE

Freddy was shopping at the supermarket. He found all the

things on his mother's list and wheeled his cart up to the check-
out counter, It was fun to watch the clerk add up his purchases
on the cash register. The machine showed a total of $3.86.

Freddy gave the clerk the five-dollar bill his mother had given

him. With a ,clatter and a Clang the machine registered the

mount of change Freddy was to receive -- $ 14. Fourteen cents
came sliding down a little chute forhim to pick up, and the clerk.
gave him a dollar bill. He put all t money in his pocket" and

,
took his, beg of groceries out throug the door that opened by. it-
self when.he came to it.

All the way home Freddy thou ht about the. machine. It

gave the right answer every time. How did it do it? How did it
knw whento add anCl.r\hen to subtract?. Freddy wondered whyf
it never muitiplied'the numbers when the clerk pushed the buttons.

And why did it always send`jUst the right coinedown the chutei

Freddy couldn't wait to ask someone how machines like the cash

regi-ster v7brk7"--

4-x
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Ask the children if they have ever watched a machine that
computed for us, like the cash register, and wondered how
it worked.

WHAT OTHER MACHINES CAN YOU THINK OF THAT
COMPUTE FOR VS AS CASH REGISTERS DO? (Adding
machines, odometers, pedometers, abaci, computers.
Do not expect the children to use thesewords.)

You might :nention that the addition slide rule used in Unit 13
is a kind o computer.

rka t
Un I t 24

-
rIrlii+ Asa at

Same

I

cf..,1

NOtli10,11 Pd.

ptImprirririttiu
7111117111t1

tait14.0

Have the children turn
to Worlsiheet I. Discuss ,
the machines with them
and explain that numbers
are put in each machine
and answers come out.,
Clarify the fact that
machines do only what
they are instructed to do.
They can only follow the
rules someone has made
for them. Tell the class
that you have a plan to
make a computer right in
the classroom but you
,will need everyone's help
to do it.

dR,

With masking tape, tape the T signs to the chalkboard in
this order:

T2 T1

d
TO

(Save these labels 'for Activity B.)

22



,Ask the children what To, T1, and T2 represent. If your
class does not remember that these are names for the ones,
tens and hundreds places, you may want to use the following
review. If the review is not necessary, go onto Activity B.

Hold up a TO piece 0 and a T1 piece u
-HOW MANY OF THESE PIECES (TO) DOES IT TAKE TO MAKE
THIS PIECE (TI)? (10.)

Holding the T1 piece, count with the class the 10 TO, sections
marked on it;' Then hold up the T1 and Ta
pieces and ask:

1111
111111111011111111N
1111111111111111111111111
1111110111111111
111111111
111118111111111111
111111.111111M

HOW MANY OF THESE PIECES (T1) DOES IT TAKE TO MAKE:.
. THIS PIECE (T2)? (10. )

Count the 10,TIstrips with the class. Explain that because
it takes 10 small pieces to make along piece and it takes
10 of those strips to make the next sized piece, we say we
are "grouping by tens:"

Hold up the appropriate pieCes again during the following. _
dis_cussion. \--

WHEN WE GROUP 10 SMALL PIECES WE GET A LONG
PIECE. WE C#LL THIS PIECE 111. THE T TELLS US THAT
WE ARE GROUPING BY TENS AND THE 1 TELLS U5 THAT WE
HAVE GROUF,:E0' BY TEN JUST ONCE.

NOW SUPPOSE WE GROUP 10 T1 PIECES -- WHAT CAN WE
CALL THIS NEW PIECE? (T2.)

THE T TELLS US THAT WE AE GROUPING BY TENS -ANp
THE 2 TELLS US THAT THE PROCESS OF GROUPING BY
TENS HAS BEEN poNg TWICE. FIRST WE GROUPED 10 OF
THESE PIECES (show a TO piece) AND GOT ONE. OF THESE
PIECES (show a -T1 piece).. THEN WE GROUPED 10 OF THESE

a

2 3
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PIECES (show a T1 piece) AND GOT ONE OF' THESE PIECES
Ishow a T2 piece).

Now hold up a TO piece and ask:

WHEN WE ARE GROUPING THIS WAY, WHAT CAN WE CALL
THIS PIECE? FIRST LET'S, WRITE DOWN T. TO TELL US
THAT WE ARE GROUPING BY TENS. NOW HOW MANY TIMES
HAVE WE GROUPED BY TENS? (None; zero times.) WHAT
CAN. WE WRITE. TO TELL US THAT? (TO.)

Explain to the children how to read T notation:

T° is "T to the zero power."

T 1 is "T to the first power."

T2 is "T to the sedond power," etc.

Tell them that we can also 'say it a shorter way:

.11TV is "T to the zero."

T1 is "T to the one," or "T to the first ;"

T2 is "T to the two," or "T to the second:" .

Label the place's, on an al:)ctis TO, T1 , T2, and higher if you
desire. Also label the places I , 10e 100, etc.

3

Show a nurnber on the abacuS and have each.child write the
numeral In the following form on a piece of paper.

34S = 300 + 40 + 5

345 = 3T2 + 4.T1 + ST°

2.4

10°



The relationship between T notation a\i.d the 'e paraded' base-
ten notation should be shown and discu\Ssed e en.if ariabacus
is not available.

Have each child-write a 3-digit Inumber on small piece'of
paper and pass it to the child bdhind him. Each student writes
this number in expanded base-ten notation (549 = 500 + 40 + 9)
and in T notation (549 = 5T2 + 4T1 + 9T0). The student then
hands the paper back to 'the child. who wrote it. This child
checks to decide if the notations. have been written correct-
ly,. Go around the-room and quickly-check those the children
think are wrong:

Activity B

Tell ihee children they are now going to ,build the computer you
discussed ire Activity A. Remove the T signs from the chalk-
board. Place three desks at the front of the room' and ldbel
them as shown in the photograph below. Explain to the 'Oil-
dren that the desks are part of the' computer. (Save theseIldbeils
for subsequent lessons.) You may want to'draw an imaginal-yr
start button on the chalkboard next to the computer desks.
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0

'Ask one student to sit at each of t1 three desks. These chil-
dren are part of the computer. Explain that computers will ,do1N
Only what they are instructed to do. Tell the childr'en that you
have made up some rules for the computer to follow.. Then
write these rules on the board in your own words:

Rule I. The computer is to add the numbers fed into
it.

Rule 2. Each desk can take only one kind of piece.
The TC3 place can take only TB, pieces, the T
'place can take only T I pieoes and the T2
'place, can, take only T2 Pieces.-

Rule 3. Each place must- tell its contents when the
Programmer calls for it.

Choose three more children to help operate the computer by
acting as Programmer; Banker, and Reccirder. The Recorder
should use the chalkboard and the Banker should be, given all
the TO, T-1, and T2 pieces. The jobS of the Programmer,
Banker, and Recorder are explained inthe example below.
file rest of the children should act as Repairmen. Tell the
Repairmen to .watch carefully to see if the Programmer, Banker,
or Recorder make any mistakes. Repairmen should be allowed
to correct "anyerrors they find. (The first problem will prob-
ably go quite slowly., until the Children learn' the procedure.)

LET'S SEE HOW OUR COMPUTER WORKS. LET'S HAVE IT
ADD 21 AND 32.''

Recorder:

12

The Recorder writes the. problem on the chalk-
board. (The box shows what is written at

21 each step and need:not be drawn
+32 on the chalkboard.)

Ask: HOW DO WE WRITE 21 IN 'T NOTATION?
,,. (2i = 2T1 + 1T°)

The Recorder writes this on the chalkboard. He should have
written:

21 =
+ 32

2T1.+ 1TO

%
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. HOW CAN WE, SHOW THIS NUMBER WITH THE TU, T I AND
T2 PIECES)v.P,

0

Banker: The .Banker holds up the proper pieces for the T
place" (in this case for the T° notation of 21

.

Programmer: The .Programmer takes the pieces, checks to be
sure they are .the correct number, and valtig., and

`feeds them to the computer (places them On 'the
T° desk).

Computer T0: The child sitting at this place checks the pieces
he it given and nods if he thinks they are the

Banker:

correct ones.

While the Programmer and the T° place child are
checking the TO- pieces; the Banker picks up the
T1 pieCes and passes them to the Programmer.

Programmer: He checks the T pieces and feeds them into the
computer.

Computer T I : This child checks the pieces and nods if he
thinks they are .correct.

'Note: In this problem there are no T2 pieces, but if
there were the Bankerwouldhand them to the
Programmer, who would check them and hand
themi.to the T2 child who would check them and
nod if they were correct.

27
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Now ask: HPW.DO WE WRITE 32 NOTATION?

(32 = 3T 1 + .210).

Recorder: The fecctrder writes this on the chalkboard.

21 ! IT0
+32=

2

Thg children go "through the sameprocedUre to feed the T
pieces for 32 into the'.compiuter.

Programmer: When the T pieces representing 21 and 32 have
been fed iritothe computer the Programmerptishes.
an imaginary, start button. .

Computei: . The students at each place again' count their
Rieceb and then, 'one at a time starting with the
T° place, they tell the total number of pieces
they have. (3,pieces for the TO place,' 5 for the

. T 1 and 0 for tlie T2.) -

.

Recorder: When the T° place child calls out the total num-,

ber-of pieceshe has, the Recorder writes' it in
the proper place on the chalkboard. He does the ,

same-for the T1 place. T2 hag--nopieces so the
Recorder- doessot write anything.

'14

If

, 4 1 = 2T1 + 1r-
.4. 32 = '3T1 + 2TO

1.5T) +

Now the Recorder converts the T notation answer
to the standard notation. (53) and .writes it under
the original problem. The completed problem should
look like this:

21 =2T1 + ITO

+32 = 3T1 + PTO

53 = 5-T1 + TO



0

*4.: ,, %

Review What the O'ormitifeffiii-done. i has added the pieces
repreiAintirig the -first number..(21) to' pieces of the second
number'(32) to give the _Sinn lof the two numbers (53).

Choose three.diffeient.bhildren to `sit at the. desks and three
. more to a'ct'ai'Progranimer, hanker and Recordert Itet them
'ahooSe another' problem that does not, involve regrouping and
help them. go through the addition procedure with the computer.

' The. proceduze should go- faster this time. 'Work-enough prob-
lems, such as3f +.462, 291 + 4 and 128 i 40,, se that each .
child has a chenbe to be a part of the computer set tip. You
may want to work a few more problems with those children who
have difficulty the firit 'time. Alf the children should become
proficient at adding; with the computer. Remind the Repairmen
to report, any mibtakethey notice.

O

4
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Save the T place labels and T pieces for future us.

gave the children complete Worksheets 2 and 3. These*
worksheets provide review of the .concept :T notation
and give practice in converting numerals to-notation;
Have all the children do the bonus problems on Worksheet 3,
with youit,help if necessary. You maiWant,to:Provide a few
more problems of this type so that the children understand
that the T2, place; for example, stands for the hundred' s
place even when' TI and TO are .not: written sout. If the chil-,
dren do not read the problems carefully they may answer
8t2.= 8 instead of scro. Ocdasionally you should refer to the

//1 places as the "hundred's place," "ten's place end "one's
place." .

llorkstairet 2
um 14

"flit In"the blanks. In the lSal box, draw the T pieces
toe the rauisse.

4

12 ploce TI piece 1° piece

t4 =_/_-_/i _q__70 25 . ..1 T1 .510

"`ijicr'.11142:..- C',T1 . 0 70. .. .
3 '

324 s 3 :12 .- 2 TI 9 70

.1 .

.313334-.312.i.%'3"ik '2 ',7°

,t..3...

16

worksheet 3
Unit 34

Nem

m412 pi... can be cut Into /0 TT pieces.

One TI piece Lim be cut Intel:Ill° pieces.

Fill In the blanks.
- . 1?

36 .3 rt - 6'70
.

v . o /2. a. /I ..,,7 i°
e '

16 = f ti i°

54' Il 512 414 * 216

792 51.12 71 al° / . 072 Of 910

540 Z 3 la 4 71 01° is° . 112 014 OT°

632 e 42 4j .1 7° a" 212 6TI OT°.

156 si :12 . 3" T1 ._10 3-03 e ma 0T1 37°
-

.

'BONUS
s1 jp,,,. at f = via 410 ; 412 fITI

liee 314 610 ae sr? 47° 3I° . 312 ITI

.."910)

"

e et

9 ,
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Lesson 2: ADDING AND REGROUPING WITH THE COMPUTER

Ip this lesson. the children work in, computerteams to solve
addition problems, some Of which involve regrouping, This
lesson will take two class periods, .one for each activity.

MATERIALS

-- for each child 2.--=

set of T. pieces cut from 5 copi s of Sheet.A and I dopy of
Sheet B

scissors
small plastic bag

Worksheets 4 7

-- for each

.several sheets ofdaPer
/.. PROCEDURE

Activity A
/ .

Give. each child five copies of She t A and one copy of
Sheet B. The T pieces should be gut apart along the heayy
lines. -Eaoh.child/Should have la/T2 pieces', 18 TI pieces
and 20 T° pieces in.all.' His-T pieces should be stored in

; a.plastic bag.
t

Divide theprass into teams of three. Each team will set,
up its own cOmputation machine consisting of a Computer,
a Programmer and a Recorder. Ask the PrOgrammer to turn
to Worksheet 4 in hie' Student Manual and tear out the desk-
cOmPuter, / .1

Explain th&re s of each assignment:

R: The Recottr writes the problem in both standard, and
T hotatio on sheet of paper.

$

31

1



13: The Prograihmer pl.atS The pieces representing, the ad
dends of the .problem into the desk computer and preSses

.;.-

the start button. ,...7------:,.
C: The Computer computes (tounts,the pieces'if necessary)

and- tells the Recorder the number of 1' pieceshe now
haS in each place. ..

R: The ReCorder writes the answer, first in T notation
and then-in standard natation.

worksh ot 4 ttol 24

O

Deik :Computer

To denloristrate the-proper procedure and recording tech-
niq,ues t the.-cla-

's-s7

write this problem on the chalkboard
-i : .,---------'iTrIkerti al form: 143

I." . +245

Choos e,. one team to help with the demonstration while the
oher tams go:thtough the problerfi at their desks. The chil-

gen, ai the desks should, check their work againSt the work
o(iheldemonhtration team at each step. Allow time for di's- ,

4 .

auspig and correcting errors. ,

18
.
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I

I

I

Step The Recorder writes the problem-and converts it to
...T,_notation. The Recorder_on_the demonitration
team should write it on the chalkboat\d-wcrile-the

--'other Recorders write. it on their paper.

143 = `LT2 + 4T1 + .3T°
+245-=2T2-+-471--ir-5T0--

Step 2:

Step 3: .

The Programther gets T pieces from his plastic bag.
(the bank) to represent the first number, 14'3.

He feeds the pieces into-their proper placeS in the
desk computer. Then he gets the pieces that rep-
resent 245 and feeds them. into the computer.

The child who hag the job of Computet counts the
'total number `of pieces in.each_plaCe.and tells the
Recorder how many he 'has of each kind of piece:
f!.or thisf problem it should,be 8.52p_ieces_a_D
Pieces and 3 T2' pieces.

The Recotder writes 3T 2 + 8T1+ 8T° under the 'T
notation -problem and puts 388 undet the standard
notation problem.

0

Give trie teams two more problems that do not require regroup
ing.. The team members should change jobs so that each chil,
has a chance:to do each job. Kaye about the room while th
children are working and check their methods, work and an-
swers. At tle conclusion of this activity, select saRecorde
co read his 1164' s results to the class so that all can veritheir answeqs. If 'some groups finish early, you may Want Lo
give them additional

_
problems.

1'9



Have each grouphwork the probl m, 246 + 325, and.give your
their answers. The,answer the are ltkelYAoget Is:

/ ..
Activity B . .,

5T2 + 6T1 + VI.T°
,*.; ,, ,. ..

If any team regrouped t- get,pT4 + 7T1 + IT:0, ask the rest of
the children to try to figure 31.1t tidily they got such an answer.
If `no-team got the correct answercask someone to tome up
and write 5T2 + 6T1 + I ITO/in Standard notation. :Ige will'
probably write. 5 611. Explain that'this.answer is ratich too
.large and'suggest that' the children cheqk>their work.

..5

Go over the pieces iii.each 'place of one team's computer
with the class while th!e other teams check their computers.
Someone should discover that 10 of the TQ pieces cah'be
exchanged for one T1 piece with one T° piece, left over: Put.
.10 .of the TO pieced together to .show this. b Rewrite
5'1'2 + 6T1+_1 IT° a's 5T2 + 6T1. + .IT1°+ IT°. insert paredhe,.,
ses around the 6T1 + 1121. Then add to get 5T2 + 7T1 + IT°..
or 571,

t
".

WOULDN'T IT BE EASIER IF THE MACHINE WOULD DO
THIS REGnOTIFING FOR US?,

Remind the children that the machine will do what we tell it
to do. Ask,them to develop a rule for regrouping.. It should
be similar to the following rule:"

.There may be no more thari nine pieces in each place.
If there are 10 or-more pieces'in a place, 10 'pieces
must be exchanged for one of the next larger pieces.
The new piece must be entered into 'the phoper place.

Have-each-team-try-adding 246 + 325 again and help them to
regrbup,

Let each team apply the regrouping rule to several problems
such, as 46 + 38, 132 + 49, 269, + 150. The Children should
change jobs for each proble-n. When the children are readY:
let them' try aoproblem requiring regrouping in both the TO

and the T1 places for example, 49 + 76 or 98 +

20,

r,



Review the'ryles-that-- our corn-
_-...Puters must folloCy and, have de

teams 'complete Worksheets 5
heir-desk computers.

H-Eachtbhild-should. serve as Re-:
COrder. to 'fill in his own work-
sheets. Worksheet 7 should be
'completed individualy, It re=
-quires the-children to build on
.their familiarity with the place
value system. Some of the chil-
dren:may dot be able to complete
it.' Do not press thetn. This
material willbe covered in
Less On 3.

worksheet

tout 24,

tee )04 computer to help you add.
8

write the problem

in T notation if )ou ant.t

516
tel

Loj

Workiheet 5
Unit 24

Name

Use your computer to work these problems. 1"

1,

.257 1,1 7 To

341 = 3 la ;I "I To

598 312 . 9 TI P. To

343 ' 3 72 4 71 -5' 76_12..T?
37.7 '3 12 7 T1 .2, -113

Add. Use your computers. Use T nOtaiion if you want.

368
227

593

182

309

Y91

265

lit

a

Morkehjet 7
Unit 24

Fill In the blanks.

Nast

74

It ti.kes 72i_of the 76 pieces to make--.1.--11 piece.

-t

It taker /0" of the T1 pieces to meke.L.T2 piece.

It takesu, of the 12 pieces to sake / 73.plece.

It takes' /0 of the 73 pieces to ismke_t_T4 piece.

Ittake) /0 of the 76 pieces to make 1 Piete.

It take.: 42 of the 75 pieces to make 1 le6 piece.

it.takoe 10 of the 76 pieces to make 1 -77 piece.

2I



Les son 3: FLA.CE VALUE

This le'sson develops the .idea of place vafue as a repeat!n
pattern generated by the rule that each place is, ten times,
larger than the place to its right. In the firSt activity the
children regroup the TO, Ti and T.?, plades and see a need for"
pieces to the left of T2. In Activity g the children tape to-
gether T pieces to produce values to the left of T2; Then
these pieces are taped to the wall, providing a visual repre-
sentation of the relationships among T places. The last
three activities include worksheets and games that provide
practice with simple addition facts°. Spend two days on this
lesson. Activities A and B should 'be done on the same day.'

MATERIALS

labels marked TO, T1, T2 (from Lesson 1) and .0,. T4, and
T5

masking tape

wall or chalkboard sp*ace about 2 yards wide

-- for each child- 7-
, .

plastic bag with set of T :pieces

Worksheets 8 - 12

PROCEDURE

Activity A

Setup a three-desk' computer. Assign a child to each desk
plus a ProgramMer and a 'Recorder to operate it. Give them
the problem, 562-4- 659. The4tecorder writes the peblem in
T notation and the Programmer feeds the pieces into the Com-=
puter. The children playing the role of computer must add up
the 'number of pieces in each_place and exchange ten of their'
pieces-for the next larger piece from. the Programmer.

22

In this problem thchild in the TO place will have 11 pieces.
He exchanges 10 of these for a T1 ,piece and then gives the
T1 piece to the child at the T1 place. The child.at, the Ti
place exchanges ten of his pieces and passes the r2 piece to

3 u"



the T2 place. When the. student in the T2 place finds that
he must exchang§ tedofhis pieces for the next larger
piece, he will be faced i.vith the question of what to use
for the next larger. piece.

(If the children at the TO and T1 places had trouble re-
grouping, go through a feW more problems before explaining
what, the child at the T2 place ShoUld do. The children
should not try to regroup the T2 pieces until they can do .it
for TO and Ti..)

Ask the class to help the child in the T2 place with his'
regrouping. The children should realize that they have no
T3 piece. }false the question of what this Piece should look
like and ask the children if they would like to make: one.
(They will do this in the next acti,vity.. SaVe the ,desk labels
for Activity B.)

Activity B
4.,. A A

L: YOU will need masking tape, place value labels for TO through
Ts, and wall or chalkboard space about two-yards wide. Each
child should have his. bag With a set. of T pieces.

Tape a TO piece to the wall or
cha4board,and ask how this
place should be labeled. Tape
the TO sign above the piece.
Ask the children what piece be
longs in the next placja,.and
tape a T1 piece to the' left of
the To pied,e'. Label the T1
place. Have the children sug-
gest which piece-goes.in the ,

next, lace and tape a T2 Piece
there. Tape the T2 sign above
it.

0

WHAT WOULD A PIECE FOR THE NEXT PLACE LOOKLIKE?
HOW MANY TO PIECES DID IT TAKE TO MAKE A T1 PIECE?
(10.) HOW MANY T1 PIECES DID IT TAKE TO MAKE A
T2 PIECE? (10.) SO HOW'MANY T2 PIECES WILL IT
TAKE TO MAKE A PIECE FOR THE NEXT PLACE? (10.) ,

3`7
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"No

.4

))

Tape together 10 T2 pieces to make a T3 piece and put it up
to the left-O-Rhe T4 piece. Ask the class how this should
be labeled, and tape the label above it.

WHAT WOULD WE CALL THE NEXT PLACE? (T4.) WHAT
WOULD'A T4 PIECE LOOK LIKE? LET'S TRY TO MAKE ONE.

Have the-children work on the floor in groups of four or five.
Each child should bring_ his T pieces. Pass arqund a roll
of masking tape and scissors so that each group can cut off
nine two-inch pieces. Have the children take their T2 pieces
out of the bag, lay 10 of them upside down on the floor and
tape them together to make a T3 piece. As soon as a group
finishes a T3 piece, have them bring it to you so that you
can tape it to the wall.o, Several groups may have to make two
T3 pieces, so that there will be 10 T3 pieces in all, enough
to make a T4 pike.

When the T4 piece is completed,.tape the T4 label above it.
Your T4 piece should be 50 inches high and 50 inches wide,

3
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.HOW Would? THE NEXT PIECE BE MADE?) (By taping
10 T4 pieces in a row.) WHAT SHOULD THIS NEXT PLACE
BE LABELED? (Tape the T5 label to the left of the T4
label.).

Ask the. children if they could continue this pattern and wilether
the place pattern could go on in the other direction (to the
right of TO). Let them speculate about what one of these pieces
might look like. If some of the children are interested,_ let
them explore this question, with your during free, time.
They should find that there is no limit to the place values in
either direction. If one TO piece were cut into 10 equal
strips, each of those strips would represent a 11-1 piece. In
later units or grades the children may learn that T-1 = 10=1 =

11
and 73 =10-3 _

1000

Any children who did not complete Worksheet 7 in the pre-
vious lesson should do so.now-.

Activity

Tell the children that when areal computer works it does
more than our desk models. It stores information in its
memory bank. This memory bank is, in soma ways, like our
brains. We can store facts in our brains and remember them
when we need to. We are going to test our own computers,
our brains, to see how any addition facts they, have stored.

Have the children comi5leteWorksheet 8 without the computer
if they can. Although the worksheet includes most of the
addition facts, you may want to make supplementary 'work-
sheets which reverse the order of the addends and cover
problems like 4 + 4, that are not inclUded.

VT6rksheets, 9, '10, 1 1 and 12 involve word 'problems illus-
trating regrouping. Assign these according to the reading
and mathematics skills of your class. You may want to set
aside time to help children Who have reading difficulty.

WI

25

;IL



.1

-te

torksbeet
thit 24

t 2
1

3

3
4

6
2

5
7

2
. 7 5

ti

4 8 7 5 2 4
2 5 8 9 .5 6

4 '7C 5. /0

C 6 5 1 4 3
5 2 3 I .6 9

9 /0

'6 8 ,4 4 5 7
8 9 8 7 . 3

1,2 11 lo

E 6 3 1 2 2
3 5 7 9 3 I

// 7

9 8 9
4 6 I ' 6 3 7

3 3 16,

Iforkalreet 10
Unit 24

Name

*lark had lot or baseball cards. When he bundled

In groups-or ten be had 3 bundles of ten

ind 5 cattail E tirf res
36"Ha. many did he hays altogether?

Sad also hal some baseball conk. His had 4 bunilleeof tinoona and extras

E zy,122 its1!0. many did Mee allosehtar7

Sam and Irma decided to keep 'halt. cards In the sass

box. Hoe many bundles,or tan did they Mrs altogether?

Hoe many extra cards ltd they hayss7.22._.

Could they get anothir bases of ten from the

4oe hoe many bundles of ten do they have?

Hoe many sutra? 3

BONUS
93Ito* many baseball cards do they have IlogeSither7...

26
1 man

sorksheet 9 %else
Ent t 24

...1:1* T2 piece =7:1=0 a 71 Piece 0. 10 piece

tau=

The 141 piece represent the number I .

-14) Pieces can be put together to make one 71 piece,

One 71 piece is thi 'same so 9 71:1 pieces.

The 71 piece represents the number i° .

...L.71,pleces can be put together to make one T2 pitck,,,

The T2 ptece the sass as i° 71 ;lees's.
.0u

The T2 piece represents the numbs r /a°

1Q T2 pieces can be put together to make one 73 piece.

One 73 piece is the sue se_g_../ 72 pieces.

BONUS
The 13 Piece represents the number i"a

Vorkeheet II Hasa
Unit 24

OW and At, slitter, Jan, also had collected baseballl

cards. mil had 27. Hoy many bundles of ten could he

Itowaany extra would he hays? 7 .
Hint: 27 271 '771:1.

Jan had 35. Ho. 5311y b4.01d ills Or ten could *Moltke?

3 Ito. many extra .ould she have? .

0

8111 and Jan decided to put their cards together. Ile*

inany,bili tai or ten ecsald they hers ItottethettAL

Ito many extra? Could they make another bundle

or ten from Nov hoe many bundles'ot ten

do they hare?_4_... Iloy many extra? Z_Z

)t, BONUS
Hoe many baseball cards do they hove altogether? 6.4
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.1aerkshee t 12 Nam
Mit 34

km and Perk and 3111 and Jar: Nettled I. put all et
thelrlhweball rants together.'

Sae and Mirk had 1'3 or 47 beadles of ten and.1....
sore. 3114 and Jan had ....4.,..er_f_)_bendlee it ten
ard-7.1.eore.

then they put per together hoe raw bundles it 'ten
dld they bie?2_!. Hoe many extraTA:.

is can represent ,bundles-by le. 12 0 1°.

1Wcan cheiye Id, TI to .1 .12 'V Tt 0 P.
71w 5 extras 5 1°.

is could add these to get 12 y ti S 10.

So and Mark and 3111 and
Jan have ig5 baseball
card. altogether.

Li

%.")
0.()'

Activity D: Relay Game

This game-is a favorite with the children and should be
played all year. It can be varied t6 accomodate more dif-
ficult addition. problems as well as subtraction, multiplica-
tion and division.facts;

'Have the children sit at their desks. The child in the first
desk of a vertical column of desks stands beside the child
In,the second desk of that column. You present a simple
problem (such as 5 + 5) to these two ohildren. The child of
this.pairwho calls out the answer first is the winner and
moves to stand beside the child in the third desk. You pre-
sent a simple problem to this pair of children. The one who
answers first gets to compete with the child in the fourth
desk and soon. The object of the game is to see if some-

t, one can move all the way around the room and back to his
own desk. To do so, he would always have to answer
every problem .faster than the child, he is competing with.

27

..



Activity E: Mental Arithmetic

Many teachers 'have found this review technique to be highly
successful. Do the activity for one br two minute. each day.

Tell the class thatyou are going to give them problems to
compute with their own computers their brains. Start out
with simple problems such as 4 +.7, and work up to problems°
such as.-12 + 8 or 3 + 5 + 7. Ask the children to raise their
hands when they have the answer, and call on one child to
give the' answer.. Look for ,speed and accuracy.

28

ti

13,



Lesson 4: ADDITION WITH A NUMERAL COMPUTER

< ?In this lesSon a classrooinr computer is designed which as
numerals rather than T pieces. The children:devise rules by
which the new computer can perform- regrouping operations.
Then the steps in computer addition are recorded in chart form.
This activity provides a transition between adding WitliT
pieCes andadding in vertical form.

MATERIALS

- 2 sets of T2, T1, TO desk labels
- demonstration T pieces

several hundred pieces of paper (about 2" k 2")

Worksheets 13 - 17

PREPARATION

Before the lesson beginS, prepare several hundred slips , of
paper by cutting'up larger :.beets or providing, scratch pads.

PROCEDURE

`Activity A

Set up and label three desks for a computer as you did in
Lesson 3. Assign a Recorder, a Programmer and three chil-
dren to sit at the desks: Have the coMputer,,work an' addi-
tion problem such as 432 + 516 using T pieces. After the
problem is comi>leted, discuss with the class th,e value of,a
more efficieht computer that doesn't need to use T pieces.
Suggest trying to make one that uses just numerals.'

Arrange another three-desk computer next to the first one.
Label the desks TO, Ti , and T2, put several pieces of paper
on each desk and assign a child ,to sit at each desk. Write
the following problem in verticallform 'on the chalkboard:
325 + 462. Have the PrOgrammer,i,put 325 into the first com-
puter with T pieces. Ask the children how 325 might be ,

Plo,

YJ

1`.

.;

it

4 .
,

2.9

",
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put into the numeral computer. If no child suggests it,
propose that a Programmer write the numera's 3, 2, and 5
on slips of paper. Choose another Programmer to come to
the numeral computer and fill out the slips. Each slip should
be labeled with the proper place notation. The Programmer
then feeds these slips intothe numeral computer at the proper
places.

3

Have the T. computer Programmer enter 462 into his computer..
with T pieces while the numeral computer Programmer feeds
in numeral slips for 462.

Without going through the procedure, review what the person
in each place of the T computer does with his pieces:

.1.. He combine's his pieces,
2. Checks to see if he has more than nine pieces,

Exchanges 10 for a T piece of the next larger size if
necessary, aria

Tells how many pieces he has when the Recorder calls
for the, answer.

Ask the children to suggest how the new computer might com-
bine the. numbers in each place. (Each child can combine his
numbers mentally, using the addition facts',.and write the .an-
swer "On a slip of paper.) For example, the child at the To
place would add 5 and 2, and mark a slip of paper with the
total4(7) and the place value (TO). He would hand it to,the
Programmer yheri it is called for. The Programmer take's each
slip tkthe-Recorder who then- writes,each numeral on the
chalkboard.. (Choose a Recorder for the numeral computer.)
Similarly; the...chi.ldrenit the T1 and T2 positions complete
Slips for the Progranimer 'and the Recorder writes these numer-
als on the board. Let the children at both computers.com-
plete the problem.
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NOwtell the children that the computers are going to have a
race. Hand each Recorder a slip of paper with this problem
written- on it 487 + 512. Both Recorders start at the. same
time. The Recorder for the T computer writes the problem in
T notation on the chalkboard while the other Recorder writes it
in standard vertical form.

The Programmer for each computer starts his job as soon as
he sees the problem. The T computer Programmer counts out
the pieces and feeds thein into the correct places. The num-
eral computer Programmer fills out the slips and hands them to
the students at the computer desks. Each child at the T com-
puter deiks counts his total number of pieces -and tells the
Programnier this. number. The/Programmer tells the Recorder
who Must write it in T notation and then convert it to Stan-
dard notation. Ai,the same time the children at the numeral
computer add the niimbers on their ,slipS, fill out new slips
showing the sum and,the place value. They hand these slips
to the. Programmer, who then carries them to the Warder.
The Recorder writes the 'total in Standard notation. The other
children in the classroOm act as Repairmen to catch mistakes
and also watch to see which computer finishes first: The
work of each Recorder should look like this:

487 4T2 + 8T1 + -7TO
+512 +5T2+ 1T1 + 2TO

999 9T2 +.9T1 + 9TO = 999

The class should compare the efficiency of the two machines
and d9 another problem, if necessary, to confirm the
of the numeral computer. Ask why the numeral computer is
faster (because it is making use of the addition facts that
eachChM' has stored in his brain

Have the children summarize the rules that ea-c-h-filasce-of-the
numeral d om pilfer is following when ii-Ladirg:::-These:should
include: each place accepts the proper numerals, adds them,..
writes the sum on a slip of paper, and feeds it out on 'demand.

3



Write on the chalkboard alprOblem that involves r_groupillgi
274 + 119. Ask the children td develop a rule for the nutneral,
computer to deal with this situation._ This rule.might be: 4

No place may feedout a numeral larger than 9. If the ,

sum of its numerals is more than 9, two;slip4 Must be
filled out, one for each of the plade values, in the sum.
The larger place value slip must be given to the next
place tothe left.

Tell the children at the T- notation computer that they will
now become parts of a numeral computer. Have the children
in each numeral comPuter work the problem you wrote on the
board (274 + 119). They will find that the sum, 13T0, must
be written as "IT) ± '3110. For each computer the IT' slip -is
passed to the T1 place. The T1 place mustadd this' slip to.
its other two VT1 and 1T1) and fill out a slip for the proper;
sum (9T1).

Choose new children to sit at each cotnputer. Give both com---:,.
puters the same problem, one whi.Ch requires regro,uptng.in the 4

.TO and T1' places. Remind the children to Write and label a *`

slip for each of the places in the,sum):and to hand the proper
slipsto the place tb.their left.

If you feelthe children areready -to their own, they
,

- cari now form grpups of three: Give each group 40 or 50
slips of paper. The groups are to solve addition prjblems

`using their desk computer and numeral slips. VIritea few
sa p.le problems such as .2013, 29, 560 on the dhalk-

- +463 +92 +377

32

; 4 *5

board and circulate to check that the numeral slipsare
being marked and regrouped properly.

Activity B

'Draw a chart on the chalkboard to introdude. a system for
recording -the--Aeps that the computer goes through when it ,.`
adds. Write a problem beside it. .--

,.

,.. 0. V
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Organize the children into groups of three and have one child
in each grdup take out his desk cOmputer. You will act as
Recorder for all groups. One child in each group fills out
slips for the lirat.addend and another child fills out slipd
for the second addend. These slips are then put in the cor-
rect places of the desk computer. Eavch child acts as one
place of the computer, adding the numerals in his place.
Starting at the TO place, call on a different group for each
place to tell you its .answer. As the children tell you the
sum for each place, write these on the chart. When a num-
ber is regrouped and a slip is passed to-the next place., ,enter

.a I in the next place on the chart. Your chart should finally
hook like this.

ios
+237

12- Ti T°
. .

r

0
6.1, 3

3 zi 2

4
3.3



Workehert 13

13.11 24

Add. Use your numeral computer.

44t

518

321 a

_.11211

17 .

434 a

I2
7

71 10r3

Itecord Mat goes
Into the computer
here.

!hat iONCA
DUI Of the
computer here.

.14

1111iL

0

Worksheet t4
Untt 24

Work their, problems. Use your desk computer if you
need It. 4

Johnnie could Ilft 42 Pounds.
Pete could lift 54 pound*.
Hoe such could they lift altogether? -----

4-

M.17 *etched 4$ poulds ten year. ago.

She has soloed IS Pound*.
Hoy much, does she sreIgh?..---.1.ound*.

Lk.

* .

When Oath VAR mix years old she *am 44 Inches tall.
In ten years she has gross. 7 Indies.

liw tell la she? f""

17$

34'

ti

Q

Dg as many problems with the numeral
computer and the chart as you fear are
necessary fbr the children to understand
the chart. Choose new children to run
the computer each time,

Have the children turn to Worksheet 13.
If they need help let them work a few
probkems with friends. They should
complete 'most of the worksheet by
themselves. The children should do
Worksheets 14 - 171,individually on
their own time. Sotne children may
need help in reading ;some of the prObl:-
lems.

Note: Save the desk computers for
Lesson 7.

Workrw1,1 14 iconttnuedl
Mt! 24

Harli and sally save pennies.
Mark ha. l63 penntes. Sally has 219 penntes
Ito. many pennies do they have togetheellLe_pennies

01.I/ ItS

f

),: BONUS
Merest's! has 37 cents. Dilly has 29 dente and lass
has 42 Cents. If they put all their money together
mould they have enough to lay their teacher a
handkerehlef that costs 98 cents? Vet

Hoe much money do they have?-22.--cent*.

Can they also buy her a card that coats 10 cents?

Ns



Ilertahnet 15
Unit 34

Nose

The kids at s'etweei bellied to see how sassy Lopata*

sticks they could collect. Bills and klary third
grade clits collected 475 atlas. That would be

4

Vont buntlee.IT2 bundles% 11 bundles and

.
IA1 coolst* our sticks with the pieces se used

to our cowoutr.'

one t a r.) = 1 TO

one bundle of ten stick)

one slant bundle
lien bundles of tent

a1 T.

Ac could represent 4 gland bundles by T2.

We could represent 7 bundles of ten by 7 71.

ee could represent 5 extra it tIcki by 5 T°.

12

brashest 17-
thlt 24

For axlairt. only:

Mr. Walters, the popctele man said that If the third
grads closets coutd collect enough popsicle sticks,
to sake a surer bundle, he bold give each third
Kreider a postdate.

Everyone wanted to,anow how big super bundle le.

A mull bundle ITII Is 0 sitClu.

A giant bundle (121 to 0 *wall bundles or /°°
sticks.

A super bundle 1131 Is 0 ;tent bundles or '00
small bundles or sticlu.

A pull bundle 410 ettekal

A giant bundle 1100 stick.)

A super bundle (1000 sti;ikei

t.

Tu

rZ

r3

.7

Cork%heel 16
(bit 24

'Sago ;

s7

The alas. across the hall collected 319 *ticks. This

would /sake -/ plant bundles or 3 12. i Fndtelal

of ten or and 9 extras or 9 To.

One Class had 4T2 771 570.

The other had 372 Ill 9143.

That equals. / T2 bundles, 8 Ti bundles and

14 TO extras.

WM the 1 extra slicks wake another bundle of ten)

rt5 3'Then we will have altogether 7 slant bundle*

I121. 9 bundles of ten 4141 and ...±_extras (Pl. in

T plexes this would be.-=_7-1:2 9 T1 4 10 or

79V altogether.

Worksheet 17 Icontinuedl
24

Two ofithe classes toicellar bad utmost 000 sticksor_(_ slant bundles (T bundled.

The "thee third crad2 clues h.n1317.stleks.
This sould (giant bundles) I Ti(bundles or tent and 7 ,P lextrast.
Did the three %losses together lase at least 10 slantbundle./ Y43

Did they hose eunuch sticks to Like I super bundle,Yes

The I test two a kisses had exact ly 794 .1 Irks.
The thud alas. hod 317 at Is ks.
Vow piny did they Noe .110.1ether?-1111

49



e,

36

Lesson 5: DEVELOPING THE VERTICAL FORM FOR ADDITION

.-In this lesson the numeral computer technique for addition is
conyerted to the vertical form for addition.

MATERIALS

Worksheets 18-20 .

PROCEDURE

Discuss with the clast the fact that we often need to do
addition,problems but we do not always have access to a
computer. Develop the idea that each child can be his own
cpmputer by using his own memory device (his brain) and by
following certain rules. Put the' problem 263 + 324 in vertical
form on the board and t.:1 aw a computer chart next to it.

Enter the numerals in the chart as you review their place
values in the standard algorithm. Then add the numerals
in each place of both problems, stressing their place value
again. The completed record should look like the one in

photOgraph_below.,,

50
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Work as many problems using .the standard alqorit4-1 and the
chart as you feel the children need to understand that the
numerals of each addend on the chart-ere in the dame place
and same relation as they are when they are written in the
usual Vertical form.

CAN WE SHOW WHAT WE DOcVEN WE ADD WITHOUT
USING THE CHAIM LET'S T11.

Put thiS problem on the chalkboard:

265
+722

WHAT NUMERAL WOULD GO INTO THE TO PLACE IN OUR
FINAL ANSWER? (7.) WHY? (5 + 2 = 7.)

WHAT NUMERAL WOULD GO INTO THE T1 PLACE IN OUR
FINAL ANSWER? (8.) WHY? - (6 + 2 = 8.)

WHAT DOES THIS ADDITION SENTENCE MEAN IN TERMS OF
PLACE VALUE? (6T1 2T1 8T1 or 60 + 20 = 80.)

WHAT NUMERAL WOULD GO INTO THE T2 PLACE IN QUR
FINAL ANSWER? (9.) WHY? (2 + 7 = 9 )

WHAT DOES THIS MEAN IN TERMS OF PLACE VALUE?
(2T2 ± 7T2 = 9T2 or 200,+ 700 = 900.)

WHAT IS OUR ANSWER? (987.)

Notice that the order in which we add the columns does not
matter when we do not'have to regroup. But, when regroup-
ing is necessary, we should add the TO column first, then
the column, etc.

Now put this problem, which involves regrouping, on the
chalkboard in vertical form: 438 + 249. Use the standard
algorithm which begins by adding the first place on the
right (the TO place).

r I
1.

37
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WHAT_NUMERAL WOULD GO INTO THE TO PLACE IN.OUR
FINAL ANSWER? (8 + 9 = 17. We regroup 17 to 1 T1 + 7110.
Be sure the children understand this transition of 17 into
T notation. The 7 is recorded in the TO place and the 1 is
entered at the top of the T1 column. The children should
see that the 1 in this case means 1T1 or 10.)

WHAT NUMERAL WOULD do.INTO THE T1 PLACE IN OUR
FINAL ANSWER? (8. ) WHY? (1 111. + 3T1 + 4T1 = 8T1 .
The 8 is recorded in the T1 place. Be sure the children
understand that the 8 means 810 or 80.)

WHAT NUMERAL WOULD GO INTO THE T2 PLACE IN OUR
FiNAt'ANSWER? (6.) WHY ?' (411-+ 2T2..7-= 6T2. The 6 is
recorded the T2 place because in thisefexample the 6
stands for 600.)

your final work should look like this:

438'
+ 249

687

Worksheets 18 and 19 should be done individually during
free time. Each problem on Worksheet 18 is to be added.
using both the addition chart and the vertical form.

All the problems on Worksheet ,19 involve regrouping. You
may want to go through the first problem with the class to
see that they understanid hOw to regroup using the standard
algorithm. If the children are still having difficulty regroup-
ing after they have completed Worksheet 19, you may want
to'use the problems on Worksheet 20 for class demonstration.
Otherwise, the children can complete Worksheet 20 on their
own.



Worksheet
.4' that 24

Name

Add. Do not use your desk computers.

26t
314

575

2 6 1 \
41

5 7 sr

265
722

oy4

:,

i
.5.

.2

, $ 7

43A412

21-1-
.

ri
4
.2

134
3.. 31.4

, .21
t '

1

7
i 4

s/

9 f
.

IlorkShete%\k Name
Unit 24

Follow the steps to do this problem:
2;5

792

Step t. Start with the 10 plate. Add. 5
*rite your answer In the box 7
above.

12

Step 2. Did you pill the 2 In th;'70 plate?

Did you write the I above the 6 to remind'
yourself, that you regrouped? YeS

Step 3. to to the T1 place and Add.

H
*rite 9 In the Ti place to the
bon above.

Step 4. Co to the,12 plate and add. 2
S

*rite 7 In the 72 plate. 7

Step 5. In your answer 792111--

\ /Do these Mohacs..
, 36 76 1:47

: 35 Litt 'LSD
' '07I WV 370

/\e % I A9Ai
2$7 . 51S

ig,2 4.3- 7/7

Worksheet 20
Untt 24

Add.

Wm,

473

t

63
49

/3.2

..
%

46 43
36 ii
Pz 57

. ,
'64'647

3444 57

t:C5 /2.4

se49
67 667

r50 53()

c.

39
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Lesson 6: ADDITIO& PRACTIC GAMES

This lesson provides.practicein addition that should be
pleasant for the children. Spend.this class-etiod
ducing tte games, and encourage the children to play them
in free time throughout the year.

MATERIALS
,

15 pairs of dice (one of each pair labeled 0-5, the other
labelee4-9) .

pencils and paper

Worksheet 21

PROCEDURE

Activity A

Begin by reviewing*the addition algorithm. Have a child go
to the chalkboard and work a problem that requires regrouping
while the other children do it at,their seats. Do as many i
more problems as you think the children need. Then play the
following game.

Let each column of chil-
dren be .a team. Write a
.number between lend 20
on the chalkboard in' front
of each team. The first
child on each team goes
to the chalkboard,, writes
another number under the
first and adds the two.
Then the seconcrchild
goes to the board, writes
a number under the first
answer and adds these
two. This continues un-
til each person in the
team has had a chance to
add a pair *of 'numbers.,,,t
The team whose final
total is closest -F.) 100 is
the winner.

54 0

4+7

) ,-



For example:

c.

13 (the number you put on the chalkboard)

+20 (the number the first pUpii pUtS on the hoard)

33 (the answer the first pupil gets)

+ 5 (the number the second pupil puts on the, board)

38 (the answer the second pupil computes)
+1` .(the number the third pupil adds)

55 (the answer.for the third Pupil, etc;)

. ;

One minute should be long eriough for each pupil, but this
is not a race against time, ,so allow more time if your class
need's it: Have each team of children check its work at the
chalkboard. Allbw them to telithe person at the board if his,
Work is wrong', but not what the mistake is.

This game provides an opportunity for you to determine which
children in the class are having trouble regrouping. You can
provide more practice and individual attention for those chil-
dren whd need it. When you play the game a,Second time,
start from the back of each column.eo that every child gets a
chance to regroup with larger numbers.

Activity B

Let the children choose partners. -Give each pair of children
a die with the numerals 0, 1, 2, 3, 4, 5 on the face. The
first player throws the 0 °- S die twice. The first throw
the ten's place digit, the. second throw is the one's place
digit. The player records this number on his paper. Then
the second player generates a number the same way. Both
players repeat this procedure and record their numbers'in the
column form.

Sample: ist Player 2nd Player

'4}
.+ 24 + 04

5 5 41

sit
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Each player adds his numbers. The player whose sum is
larger scores one point. If a player makes an error and his
opponent notices the error,. the opponent wins a point. The
first player with 5 points wins the game. The next game
should be played the same way, but with the die'inarked
4 - 9. You can vary the gaine by using the die marked 0 - 5
for the first set of numbers and the die marked 4 - 9 for the
second set of numbers and vice versa. Three and four-digit
numbers should also be used. Afterthey have played the
game once or twice, let the children decide how many digits
to use for each number. These variations will give the .stu-
dents practice with all of the addition-facts and many oppor-
tunities to regroup.

Activity C 0

Computational skilld are developed by frequent practiCe .

over an extended period of time. This practice need not be
tedious, but should be provided often and with emphasis on
accuracy.

r "0 V
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Worksheet 21 provides practice in computational skills. It
will be used each day. for orkpweek. Explain to the children
that.the class is going to have a contest in computation for
,one week. Have them turn to Worksheet 21 and look at the'
left-hand column, whiCh contains the practice problems.
These problems are similar to each day's test problems. Set
up a certain time to give the test each day and tell the chil-
dren to complete each day's practice problems on their own\ before the test. Put the answers to the practice problems on
the chalkboard or bulletin board each day.%(under a coyer piece
of paper) so that the children can check their own answers,

When all the children have
done the practice problems
for the day, write the test
problems on the chalkboard.
The children copy these on
their worksheets and' solve
them. Correct the problems
together and have the chil-
dren record their points as
indicated on the worksheet.
You may wish to devise a
reward system for those
scoring the most points dur-
ing the week, or for those
scoring.abov.e a Certain
number-of points. You or
the children can make up
similar worksheets through-
out the year, varying the
difficulty as is appropriate
for different students.

.

Torkshost 21
Unit 24

Practice Problems

N...

.Point
for mach My

Test Problem Problem Point.

bay i

46

2?
72

524
375

S 22

43
26
69

. ,,

153
523

1676

Day 2

720

' tt/
?IS

50
42.

93

.

603
372

46
40
86 19'75

Day 3
o

37

_,,11

rta

64
35

t-iv

53
18

71

72
74----
146

2

Day 4

27

20
123

o

78
41
11,2

48
76

124

83
mg

172 2

Day 5
o

325
42
7 9,3

`

253

6

383

36

'106
627
733

416
674

3
1092

kb Score

43
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SECTION 2 SUBTRACTION'

PURPOSE

To introduce and provide, practice with the subtraction
algorithm.

To provide 'game situations for enjoyable practice with
basic subtraction facts.

COMMENTARY

In this section the subtraction algorithm is,.developed and then
applied to problems written in the vertical form. In Lesson 7,
the children program the T-pieces computer to do subtraction.
They divide each place of the computer in. half horizontally.
The minuend is in the top or "start" level and the subtrahend
in the bottom or "subtract" level. Subtraction is done in the
computer by a comPatisor process., Each piece in the bottom
level is matched with one in the top-leVel:-To-find-t1;e_dif7
ference, the computer Counts the number of unmatched pieces
in the start level.

In Lesson 8, the rule for regrouping is developed.. One piece.
from the next larger place than the place lacking pieces is
exchanged for ten of the n'eeded pieces. The new pieces are
entered in the start level of their place. Then the pieces are
paired and the difference is. noted.

The physical process of subtraction represented by the T-pieces
computer is replaced by a mental piocess when the computer is'
converted to accept numerals in Lesson 9. The child at each
place does the subtraction in his head and writes the difference
on a slip of paper.

When the children are familiar with the, subtracting and regroup-
ing algorithms,, the vertical form for 'subtraction is developed.
In Lesson 9 a representation of the numeral computer is drawn
on the chalkboard. The minus sign replaces the "start" and
"subtract" labels. Place value is stressed while problems are
worked using this chart.



In Lesson 10 lines are removed from the chart until only the
vertical roiiiiremaja_.s. Then the class develops.a notation,
for regrouping and works-p ractice problems using, the vertical
form.

Games in Lesson 11 provide enjoyable practice-o addition
and subtraction facts.

0 50
45
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Lesson 7: COMPUTER SUBTRACTION'
S.

This lesson extends the computer rules so that problems
involving subtraction can be solved. It is the first of four
lessons that 1.vill.develop the procedure for' ubtraction first
with the T pieces computer and finally in vertical form.

MATERIALS

computer desk labels T2, Ti and TO

6 pieces of 3" x 5" paper (3 labeled "start" 'and 3 labeled
"subtract")

demonstration T pieces

masking tape

-- for each child

desk computer (Worksheet 4)

ruler or other straightedge

2 pieceS of 3" x 5" paper

bag with set of T pieces

Worksheets 22 and 23

G
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PROCEDURE

Activity A

Discuss with the class how the T pieces computerworked for
addition. (It would take only certain pieces in each place,
combine the pieces, regroup if necessary and produce the
answer.) Then ask the class:

WILL THIS COMPUTER LET US SOLVE A PROBLEM SUCH AS,
5 --3? (No.)

WHAT IS DIFFERENT ABOUT THIS PROBLEM FROM THE
OTHERS WE 'DID WITH OUR COMPUTER? (It involves
subtraction.)

Place three desks at the front of the room; labeling them T2,
T1 and -T°', as in previous lessons . With masking tape,
divide each desk top into two sections and label as shown.
(Save these labels for later lessons.) Also draw this three-
desk computer on the chalkboard.-

START

IsuCTRAcij

T°

STA RTI

IsuentActi

Use the following procedure to develop the subtraction pro-
cess.

THE COMPUTER MUST SOLVE THE PROBLEM, 5 - 3. HOW
-136-WE-WRITE THIS IN T NOTATION? Write both equa-.

tions on the chalkboard:

5 = 5T0
-3 = -3T°

- 61
. 47



Choose'five children to work the computer (a Recorder, a
Programmer and three Computers). Tell the children they
will work at the desk computer doing the same thing that
you do at your computer drawn on the chalkboard. The
'Recorder copies the problem in vertical and T notation
forms on the chalkboard.

WHAT NUMBER WOULD THE COMPUTER LOOK AT FIRST IN
OUR PROBLEM, 5 - 3? THAT IS, WHAT NUMBER WOULD
IT START WITH? (5 or 5T°.)

Enter the pieces representing 5 (the first number or minuend).
in the start level of the To place in your computer on the
chalkboard. You_can draw_in_the_piexesbutitidill-be-better-
to tape the paper T pieces in place. (Remind the other chil-

--dren in-the classroom to *etch closely so that they will be,
..able to work in groups later.) The Programmer counts out, the
To pieces and feeds them into the To place of the desk com-
puter.

WE-,HAVE NOW TOLD THE COMPUTER TO START'IATITH 5.
WHAT IS THE NEXT THING WE-MUST TELL IT TO DO?
(Subtract 3.)

Enter the pieces representing 3 (the number to be subtracted--
or the subtrahend) in the subtract level of your computer.
The Programmer does the same at'the To desk.

WE MUST 'NOW PROVIDE THE COMPUTER WITH RULES IT
CAN USE ALL THE TIME TO SOLVE SUBTRACTION PROB-
LEMS.

Suggest a rule similar to this and write it on the chalkboard:

One by one, take the pieces in the start level and pair
therm with pieces in the subtract level.

48
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Draw lines pairing the pieces in your computer. , Or, if you
taped T pieces to the board, rearrange them.so that they are
paired up. Instruct the child at the TO place of the desk com-
puter to pair his pieces. Tell him not to remove the pieces
from the start level, but only slide them together so there is
an obvious physical pairing of the pieces. Each piece in the
subtract level must be paired with a piece ip/the start level.

When you have .performed these operations ask the class:

HOW MANY UNPAIRED PIECES DO 1,'E HAVE LEFT IN THE
START LEVEL OF THE T° PLACE OF THE COMPUTER?
(Z T° pieces.)

WHAT IS THE SOLUTION TO THE PROBLEM , 5 - 3? (2.)

tli.th child at the TO place of the desk computer how many
unpaired eces he has left. He tells the Recorder this

'number anethe,Recorder writes the answer on the phalkboard
in T notation arid't en converts it to standard decimal
notation.

Mention that when working 1.-1.1 groups the Computer tells the
Recorder the number of unpaiied pieces remaining in the start
level at each place value. Select five new children to
operate the computer. You may want to do a problem on the

6 t.)
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chalkboard while the .children do it at the computer so that
all the children in the classroom can see what is being done.
Feel free to go through this procedure faster if the children
catch on quickly. Write this problem on the chalkboard near
your computer: r

348 = 3T2 + 4T1 + 8T0
-235 = -2T2 + 3T1 + 5T0

The Recorder alsO writes the problem on the board. As you
feed the pieces for 348 (the minuend) into the start level of
your computer, the programmer feeds the pieces into the cor-
ract places of the desk computer. Then you feed the pieces
for 235 (the.subtrahand) into the subtract level of your com-
puter while the Programmer does the same with the desk
computer. Ask the children in the classroom what to do next..
They should tell you to pair the pieces in the subtract leVel
at each place with pieces in the start level of the same place.
The child at each desk pairs his pieces and tells the Recorder
the number of unpaired pieces remaining in the start levet at
each place.. The Recorder writes each number on the chalk-
board under the problem. While he is doing this, you; pair
ttl? pieces in your chalkboard computer. The children in the
classroom should act as Repairmen and check your workTo
see if it is correct. The children at the desk computer check
their work against yours to see'if they are correct. After
pairing the pieces in each pla.ce these pieces remain:
I T2 + I T1 + 3T0. The children should have little difficulty
transwsingithis into base ten notation, 113.

Have each child take out his desk computer and draw a
double line through each place compartment of the computer
to separate the start level from the subtract level. Use
3" x 5" pieces of paper to label the divisions "start" and
"subtract." These labelS can be placed next to the computer.
The new desk computer should look like this:

START

O

rt
Tf" T1 TO

6
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Divide your class into groups of three. Put at least one child-
who participated in the,demonstration into each group to help
the others. Let the children choose)obs and work several
problems such as 74 32 and 629 - 512. Walk around the
room checking to see that each group is using its subtraction
computer correctly.

Point out to the children that in the TO place of their desk
computers, they will have to match groups Of pieces instead
of pairing individual pieces since only three pieces can be
put flush with the dividing line.

5



Activity B

F.ac_h_group of three children should now complete Worksheet
22 together. The members of the group take turns being Pro-
grammer and Computer. Each child acts as his own Recorder
and writes the computations on his worksheet. The children
should complete Worksheet 23 independently.

Vetteheet 20
Ualt 44

Ube year Seek eseputor to subtract. Use T notation It

yes mot to.

,l ..

140
136

13

37 .

- 241

12.

yrs
- 364

5g,

so
- 47

-iL

1411 ,.

t0Ailto

6 u"

J2

'brashest 23
Uott 24

Naas

Iles your desk computer to subtract.

640

T212
Iv ...

.

496
- 321

115

736
436

30,

475 c

- 156

3Z0

. ...

297 °

- 164

33

111'6'...Y



Lesson 8: COMPUTER SUBTRACTION WITH REGROUPING

In this, lesSon a rule is devised which tells the,computerthow
to subtract when regrouping is necessary. In Activity A .the
children cothplete a worksheet of subtraction problems using
the facts they have store heir own memories. In Activity
B the children use their comp rs to regroup in,subtraction
problems. ,I,

MATERIALS

2-forach child =-

..desk computer

set of T pieces
Worksheets' 24 and 25

%Outlast 24
Unit 24 Nair

Subtract. Do not use your (copular.

0 9 a 7
411/

5 6 a 9 7
-3 -5 -5 -7 -6.

C.', , 9 5 9 7
-5 -9 -5 '

7

9
.4

a4!, 9 7 9 6
.7 -3 -7 -2 -4

E 7 8 7 b 7
-3 -2

F 14 15 16 13 12
.6 -9 -5 .5 -7
a

PROCEDURE

Activity A

To check the children's
'knowledge of subtraction
facts, ask them to do
Worksheet 24. Introduce
this test as you did with
the addition test by men-
tioning that the .children's
brains are like computers,
and can be tested to find
out what information they
-have stored.

tl

.
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Activity B

fl

Q..

Ask the children'to form groups of three and see that each
child has his desk computer and T pieCes. Have each child
in the group work this problem with his" desk computer:
43 - 26. The children in each group can consult each other
about this problem.

As they proceed, the children "will find that they do not have
enough pieces in the start level .of the TO-place to pair with
each piece in the subtract level of that place.

T1 0

START-

nm

Remind the children of the.rule for subtracting with the
computer: each piece ih the subtract level must have a
mate in the start level. Ask the children for suggestions
on how to pair the pieces in the two levels of the TO place.
If no one suggests exchanging a Ti piece for TO pieces, ask.
them What they did with the extra TO pieces when. they were
adding. Remind them that they exchanged 10 TO pieces for

1 Ti piece. Ask the children how they could reverse this ...

process to get some more- TO pieces to Solve the problem.
When they have discovered what' to do, formulate a rule
that tells the computer how to regroup for subtraction prob-
lems: 4

To regroup, the computer must know which T place needs
more pieces. Then the computer removes one piece from
the start level of the place to the left of the one that needs
more pieces and exchanges it faten of the next smaller
pieces. These smaller pieces are entered into the
start level of the T place that needs the extra pieces.

63
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Now have the children ag64n try the problem, 43 26, using
the new rule for subtracting with the computer. Each computer
should look like this:

1 0
T.

All the pieces in the subtract level of both places cari now
be paired with pieces in the start level of both place4; The
children should,count the unpaired piecs in each place to
determine the ailswer." They will see tkiat, _V T1 °and 71 TO

pieces remain unpaired and that IT' -1-f7TO = 17.

0

55
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0

.Oo
0

Two children in each group can put away their desk corn-
. putersoancfT `pieces," so that only one computer is Out for
each group. Remind the children to rotate jobs of Pro-
grammer," Recorder and Computer. Then have the groups
work as many prbblems ou feel necessary for the class
to master the regrouping procedure. Go aroun e r
checking the work and helping those groups that do not
understand the prOc81.Trer,-Suggest problems such as:

64 482 328 . 452 '''...",reto-Wawstla-mot.re
39 /7 257 ''-236 -376

,
After you are assured that the children know how to subtract
win regrouping, assignXbrk-slieet 25 to be done individually
during free time_with-lhe desk computers: If there is time,
you may-want to let the children start the worksheet during
class time to determine whether any children are having
trouble regrouping;

co

PoriaMot >r Nom
Unit 114

etrbtroct. L. your ceoputor.'

f3 a.2, -
If .f 35'

3I
22!

O

4160at
1412

621 411 1411
-

723A
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Lesson 9: DEVELOPING THE VERTICAL FORM FOR SUBTRACTION

In this lesson the rules for the subtraction computer are
changed so that it will handle numerals rather than T pieces.
The arrangement. of levels and columns in the desk computer
used in Lesson 8 provides a smooth transition. to the develop-
ment and use of the algorithm for subtraction in vertical
form.

MATERIALS

labels marked T2, TI,,,T°

masking tape

3 "start" and 3 "subtract" labels (from Lesson 7)
30 to 40 slips of paper

Worksheet 26

PREPARATION

.44

Before the lesson, prepare 30 or 40 small slips of paper from
larger sheets or provide a scratch pad for your demonstration.

PROCEDURE

ActiVity A

Discuss the inadequacies of the T pieces computer for sub-
traction (it is slow., we will not always have 'one available).
Ask the children to think of a way we might change the com-
puter so that it accepts numerals instead of T pieces.
Remind them that they used an addition computer that ac-
cepted numerals in Lesson 4.

Set up the three-desk computer used in Lesson 7 by dividing
each desk into sections with masking tape, and labeling
each section "start" or "subtract." Select a Programmer,
a Recorder and three Computers.

Present this problem for the compUter to solve: 469 - 327.
Establish the procedure for putting numerals into the

57



computer. The Recorder writes the problem on the chalkboard
and rewrites it in T notation. His record should look like
this:

469 = 4T2 + 6T171- 9T°
-327 = 3T2 + 2T1 + 7T0

Then the Recorder transfers the numeral and place value
notation for each place onto separate Slips of paper.

. ,

0

58

O

9;

The Programmer enters the first number (the minuend) by
putting the appropriate slip of paper in the start level of
each place. The number to be subtradted (the subtrahend) is
entered.in the subtract level of the computer.

r/ler "era 79RT 6,

9116701ct

'ismer

IUCPAC-11
T°

After the Programmer has pushed the start button, the Com-..,
puter at each desk mentally subtracts and then writes the .

answer on a slip of'paper, labeling it with the proper place
value. Each Computer hands his slip to the Programmerswhen
it is called for. The output for the sample problem is:



The Recorder writes the answer in T notation under the T
notation problem on the chalkboard, and records the difference
in vertical notation (142) under the original problem.

Give the children as many examples of subtradting with
the numeral computer as you feel are necessary for them to
understand the process. Suggest various types of 'problems,
but do not include any that involve regrouping. Give as
many children as possible a chance to be part of the computer.

ti

4.

Activity B

'Discuss with the children the fact that we do not always
have a computer available to help us work subtraction

r
t
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problems. Tell them that you have an idea for making a
chart that can be used to help subtract.

Put a sample problem on the chalkboard. Next to it make a
sketch of each. place and level of the subtraction computer.
As the children tell you where to enter each numeral, write
it in.

, -......4 4"

T0

6..,-------- ---g' STA RT

a-- / 0 a 5pagiRACT

/7

Point to the TP Place in the computer and ask what we do
. with the numerals there. (We subtract 2 from 8.)

Write in the +result below the bottom line of the computer
I

in the T0 column. Enter the differences in the T I and T2
places in the same way. Ask the children to compare the
computer with the original problem to see if they notice
anything interesting about the placement of the numerals.
(The numerals in the computer are in.the same places as

0 the numerals in the problem.)

Erase the lines that separate the start and subtract levels
of the computer and ask: .

HAVE I CHANGED THE PROBLEM BY REMOVING THESE
LINES? (No.)

Erase the! start label and ask:

IF I TAKE AWAY THIS LABEL, CAN I STILL TELL WHICH
NUMBER ISTARTED WITH? THAT IS, CAN I TELL WHICH
NUMBER I WANT TO SUBTRACT FROM? (Yes, it is
always on top.)

r17

PA" A

1 °IX
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Discuss the original problem:

1------==.
MTh' EXAMPLE, THAT ittt'S'""ti-S-T-Hil a ARE GOING TO

.e WE KNOW THAT
TRACT THE SECCX

SHOULDN'T ADD THESE NUMBERS?
NUMBER FROM THE FIR I+Ifl

b
(The minus sign tells us\o subrt.) CAN WE REPLACE .toti.,4, ,

THE WORD SUBTRACT IN R20nRUI ,3641E FarT111*- .t7P'" '
,$4,1

, ,4
AgrErase the subtrabt label and r;i7lZe''"it .4rinu014n.

mr.A.,,,,
Draw-a1,14e beneath the lower numerals of he prOSIFITL-,--,,,v_.\ .,_.,,,
separ ting them frOm tireg ace for the. answ Make th
necess ry changes in your c board compute o makedtN

look .lik this: ',.t-.0 '\

40.04.-A1"

6 I

'44

I 0 oZ-

3 6

Explain that nothing has been changed by altering the com-
puter. Verify this by again subtracting the numerals in
each T place. Have several children do problems at the
board using the simplified chart.

When you are sure the children understand the use of the
chart, ask:

Write a problem on the chalkboatd-in-vertical formdAtfor
example, 633 - 50Z, and si.fblraet---,dectly.

OUT USING THE CHART? LET'S TRY.
CAN WE SHOW WHAT WE DO WITH -

Ns. _

A4Nevtl

"44,

vt'4.

"."
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children of the place value subtraction: that is, 6 5 = I

is reall 6T2 - 2 or 600 - 500 = 100. 6 - 5= I is

en do Wo lisee 1,26 using either the sub-
or the vertica

ave;k,/
:ti:liz,....4.,,..tisa4 tra ).0T
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--lesson 10: SUBTRACTION WITH REGROUPING IN VERTICAL FORM

In this lesson the students use the subtraction chart to help
, them with problems involving regrouping. Then they learn to

use the vertical form to solve subtraction regrouping problems.

MATERIALS

Worksheets 27, 28 and 29

x 11" paper for..w.,;
11..<<--p'4`

PROCEDURE

Activity A

Draw a subtraction chart on the chalkboard and pose a prob-
lein which involves regrouping, for example, 482 - 265. Ask
the'ciiildren to copy the problem and solve it using a similar
chart they can draw on a sheet of paper.

42a.

T2 T1 TO

5

The question of how to subtract 5 from 2 will arise.
Review subtraction regrouping with T pieces. One of
the next larger pieces was removed and exchanged for
10 of the heeded pieces. Explain that since we cannot
subtract S from 2, we must take a T1 piece away and ex-
change it for 10 T° pieces. Cross out the 8 in the T I place

63
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.11 c

and put in a 7 so that everyone will know we have taken 1 T1

away. Emphasize that you take the T1 piece from the top
nuniFOT,fffeo-n-e-751 are subtracting tam arid-not-from-ttre--
bottom number. Then, on the chart, add the 10 TO to the 2 TO
already there, making 12 TO.' Now we can take STO away,
leaving 7. Subtract in the other places, reminding the chil-
dren to subtract 6T1 from 7T1 , not from the 8T1 that is
crossed out. Your completed chart should loot like this:

-.265

T2 T1 al To
/04-.2=1.1

7ry

6 3--

Activity B

Explain to the children that we do not need the chart to du
subtraction that involves regrouping. Do a sample problem
with the class using vertical form, but stressing the place
value of each operation.

As you work the problem,
point out the place that
needs more numerals (the
TO place in this example).

Cross out the numeral you
will take 10 from (the 2 in
the T1 place). Write in
the remaining numeral,(1)
,to remind yourself that
you have taken away I T1.

64
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Remind the children that the
I T1 or 10 must be added to
the T° place. Show them how
you wrote this on the chart:
cross out the 6 and write
above it, 10 + 6 = 16. Now
the children know that they
can subtract 7 from 16.

Tell the children there is a
way to indicate re- 1/b---grouping in t ce. 34 0

-2 I 7

lo.i.6=16
3

-2 I 7

We-can do the addition in
our heads (10 + 6 = 16) and
only put down the sum (16).

1),

Now ask:

1

CAN ANYONE THINK OF AN EVEN SHORTER WAY TO SHOW
THAT WE HAVE REGROUPED TO THE T° PLACE? D

If no one thinks of it, show
the children that they can
write a I next to the 6 to
indicate -16 rather than cross

-2 1 7out the 6 and rewriting 16.
The children shoul,c1 learn to
do the problems this way.

Se sure the children understand that when they regroup a TI
to the T° place, they are adding 10 to the number already
in the T° place.

Complete the problem. Now have the children work several
problems, preferably without the chart. If they need the
chart let them use it for one or two problems. Then each
child should work a few problems without the chart .before
going on to the next part of this activity. Write problems
like these on the chalkboard in vertical form: 47 -319,
627 - 243, 250 - 135. Go around the room checking work
or let a few children come to the board to demonstrate the
subtraction regrouping procedure.
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When the children feel confident about regrouping, pose a
problem on the chalkboard that involves regrouping in more
than one place, for example, 322 - 158. Work the problem
with the class, letting them tell you how to proceed.

If some children are confused about subtracting in the T1

place remind them that they must regroup from the next larger
place. They must take I T2 from the T2 place. A, T2 equals
10 T1, so they add I OT1 to the number already in the T1 place.

Activity C

Have the children turn to Worksheet 27 and work the first
Problem or two with them. They should be able to complete
the rest of the worksheet themselves. Worksheet 28 provides
more practice with subtraction. Encourage the children to
become efficient in using the subtraction algorithm with prob-
lems written in vertical form rather than dependingon the
subtraction chart.

0

The practice and test problems on Worksheet 29 should be
used for one week. Each day the children do the practice
problems and then you give them the test problems.
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Lesson 1 1: ADDITION AND SUBTRACTION GAMES

Games and a worksheet give the children practice with
addition and subtraction problems. Th9, games "Fast Math"
and "Mental Arithmetic" can be varied ..nd played as often
as you wish.

MATERIALS

Worksheet 30

PROCEDURE

Activity A: Fast Math.

Divide the class into two teams. Each team may select a
name, for example, "Control" and "Chaos." If you have an
odd number of children, ask one to serve as Recorder. Seat
each team so that the first personon Control is matched with
the first person on Chaos, etc. Since the pairs will be corn-
peting , match children of equal abilit.

The first pair go t6 the chalkboard, sta don either side
of a scoreboard drawn there. Give the pair a problem.
Both are to write the problem, add it, and record the answer.
The firstrto write the correot answer wins a team point. The
point is recorded on the scoreboard under the team name.
When they have finished, the first pair return to their
desks and the second pair go through.the same prodedure.
This continues until everyone has done a problem. Play
the game again, this time using subtraction' problems .

You may want to stop during thejgarne to discuss any proll-
lems that arise: Such discus'sionsaar. be a good learging
experience.. Children who are slow-Writers will be at a
disadvantage, but may find they Can still win by doing the
computation rapidly. Both their writing speed and computa-
tional skills may benefit from the competition.

c°Ad.
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This game can be used in several ways. hildren who ftn

.

their work early can get together in smqyvroups t8 play 4.4t round or two. You can divide the childr44 into,teams ac-
cording to abilities and needs, and assign the problems ac-
cordingly. Children:Who need remedial Work should be es-
pecially encouraged to play the game on their own.. For
another variation, alternate addition and subtraction problems
during, the same round.

Activity B:, Mental Arithmetic

The Mental ArithmetiC'gdme from Lesson 3 can now be expand-
ed to include subtraction.' Pose problems such as,, 7 -, 2,
8 1 .f r - 9. :`When the children ; acome proficient at add-
ing' and'subtracting nientalfr,1 you can vary the game y ask-
inging problems that involve c:iloperations,, such as
10 - 6 + 3 and 8 + 10 8. YC.: can use this activityd ring
unstructured time, for exb ple, when tithe children are 1. ping
up to leave the room or when they are getting out new ),k

materials: Spend no more than two or three minutes each
4, ,,time you play.

1.,

1
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ActivityC

\Workshe t 30 gives the children practice in recognizing
addition lnd subtraction combinations which yield 10's or
100's. As the children complete the workiheet ask them
if they con find a pattern-that helps them finish the problems

terthe pattern in the first problem4s:

3 7 8 -L..\i): 2`4 + 6;

10 10 10

---'7i-previile-more practice with the types of Combine ions,
use similar problems during the Fast Math game.

.

O

30

/'
iw

/3

4

30

100

or subtract.

Num

6 3 7 2 .E

7 0 4 0 6 0 . 7 0 3 0 . e 0 . 2 0 a

200 300 o

10 . 30 ao 90

90

82

- 90 60 - 30 30 60 o o 0
0

30 43 57 21 79 o

-.
-, No.



SECTION 3 MEASUREMENT

PURPOSE

To review units of measure and notation for these units.

- To observe the relationships between units in each system.
of measure and compare them with other systems of
relationships (place value systems, etc.).

7 To establish a feeling for relative size among some
common units of measure.

COMMENTARY

In Section 3 the students investigate several systems of
measurement. Physical representations of these measures
are used to establish a feeling for the size of each measure
and for the relationships between the measures. The chil-
dren should be encouraged to play and experiment with the
materials during free time.

The study of measures of volume, length and time 'duration
is included here to emphasize and contrast the relationships
among the units in each of these systems with those of our
base-ten numeration system. The relationships between
measures of volume are regular, as are the relatiOnshibs
between place values in the base-ten numeration system.
The relationships between measures of length and time are
not regular. These similarities and differences should be
emphasized.

Lesson 12 deals with the measure of liquid volume. The
units that are studied include the half-pint, pint, quart,
half-gallon and gallon. The children set up a base-two
computer to help them in the addition of the units of liquid
volume measure. The students draw concept tree diagrams
to illustrate.the relationships among these units. Lesson
12 will take two class periods. You must supply one half-
gallon container and one gallon container.

In Lesson 13 the children study the British syStem for mea-
suring length. They compare the British system of inches,
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feet and yards with the metri-cTsystem and find that the
relationships among the metric units are regular: each unit
is ten times as large as the next smaller unit. The children
make a concept tree illustrating the irregular relationships
among the British units. The children do not set up computers
in this lesson, but feel free to encourage them to do so on
their own. As a class the children should discuss how these
computers would work even if they do not actually set them
up. This on will take two clan 0 periods.

Lesson 14 is an investigation of the measurement of time
duration. The children make physical representations of
seconds, minutes and hours to illustrate the relationships
:among theSe units. Endourage the children to discuss how
a computer for time duration would add amounts of time.
They should be encouraged to set up such a computer, or at
least make Up the rules for it, even though they do not act-
ually set up the computer in this lesson. The lesson will
take one class period.

The abacus may be used to provide a representation of the
relationships that exist among the units of measure in these- ,
measurement systems. For example:

C'

Section 3 attempts to emphasize the relationships among
units of measure within any given measurement syst6m.
In all of these investigations, the students should be
encouraged to finish the following statement. units
Of this size are equal in value to one unit of the next larger
size.

80



LessoR12:'LIQUID VOLUME MEASURE,
Though met:, of the world uses metric units, to measure liq-
uid volume, the United States uses the half-pint, pirit,
quart, half-gallon and gallon. In this lesson the children
investigate the relationships among these common units of
liquid measure. The lesson should take two clasp periods.

In Activity A,the children study the relationships among the
half-pint, pint, quart, half-gallon and gallon containers.
In Activity B they build a base-two computer that adds
volume measures. These two activities should be done the
same day.

Activity.0 is optional, depending on whether or not your
class .needs more practice in adding with a base-two com-,
puter asethey did in Activity B. You may wish to us_e_the
activity for remedial work with some children or as a ten-

_minute review at the beginning of the class period on the
second, day.

In Activity D the children make a diagram called a concept
tree which provides a visual representation of the relation-
ships among the different sized containers.

A time schedule for this lesson could be:

Day 1: Activity A
Activity B

Day 2: Activity C

activity D

MATERIALS

10 minutes
20 -30 minutes

-(Optional or 10 minutes if
used for review)
30 minutes

desk labels marked "Galion," "Fgallon," "Quart,"
"Pint," "4-pint" and "Bank"'

- containers (with sizes labeled): 19 half-pint, 9 pint,
4 quart, 2 half-gallon and 1 gallon
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masking tape

water dipper or cup

yarn or string

- water
10 20 -slips of paper

L. large bucket or pail and a sponge (optional).

Worksheets 31.- 35

PREPARATION

For this lesson you or the children should bring in one
half-gallon container and one gallon container. Before
the lesson, make one each of the desk labels mentioned ----
in the Materials List. Using masking tape, also label
the size of each container. Place the containers on the
table you will be using for the bank. The children will
need a supply of water for this lesson. If you do not have
a sink, have a bucket of water in a place that is conven-
ient for the children. Since there is bound to be-sorne spil-
ling, have a sponge ready.

PROCEDURE

Activity A

This activity illustrates relationships among the various liq-
uid measures. The children will have an opportunity to
handle the containers and talk about the relationships they

<,discover. The activity serves as an introduction to units of
volume measurement and will provide an opportunity to com-
pare a base-two system with the base-ten numeration system.

Place one labeled container of each size or a table. The
water supply should be nearby. Have two students come to
the table and assist you. One student will be the Experi-
menter and`bne will serve as Recorder. Write the title,
"Liquid Measure," on the chalkboard. In ardolumn to the
left on the board write " I pint," " I quart/ "i-gallon,'' and
" I gallon."

8 3
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Have the Children turn to
N- Worksheet 3I'which is a

copy of-the liquid- Inea-Stite
chart; you ha-e dfawn on the
chalkboard. The children
at their desks will fill in
-fhb worksheet as the Experi-
menter and Recorder demon-
strateat the front ofthe
room. Explain that the Re-
corder will be responsible
for entering information on
the chalkboard chart.

*orkblitet

Unit 24

Liquid Ma.ure

/int. Pint. Quart, Galion

I pint

I qunrt m

Kelton m
2

I cotton

Give the Experimenter the half-pint container. Then ask
the class:

HOW MANY TIMES WILL THE EXPERIMENTER HAVE TO
EMPTY THE HALF -PINT CONTAINER INTO THE PINT CON-
TAINER-IN ORDER TO FILL THE PINT CONTAINER?

Guesses may vary. Have the Experimenter fill the half-pint
container with water and pour if into the pint container. The
other children in the class keep track by counting each half-
pint that is poured into the pint. Each child draws a repre-
sentation of each half-pint on his worksheet. The Recorder
draws and labels a representation of the half-pint container

8D

1.
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on the chalkboard to the.right of the one-pint measure.
Each time the Experimenter fills and empties the half-Tint
container, the Recorder and children at their desks should.
sketch and label a representation of the container. When
the pint container is full ask:

HOW MANY HALF-PINTS DID IT TAKE TO FILL THE PINT
CONTAINER? (2.)

The Recorder should repeat this as he checks his diagram.
(Reading from left to right, "one pint equals two half-pints.")

Now use the pint container and ask the class to guess how
many times the pint will have to be filled and emptied into
the quart container. Follow the same procedure using the
.quart to fill the half-gallon and the hall-gallon to fill thg
gallon. The Recorder and the children at their desks draw
and label representations of the containers. The chart should
look like this:

Ask the children to imagine a computer set up to add volume
measures.

WHAT WOULD SUCH A COMPUTER LOOK LIKE? (There
would be five desks labeled "i-pint," "pint," "quart,"
" -i-gallon" and "gallon.")

(You should erase the liquid measure chart at this time.)

76
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Draw a chart representing this computer on the chalkboard.
Tell the children that last week you bought a half-gallon of
milk, a quart of orange juice and a hall-pint of whipping
cream. Write these amounts in the top line of the chart.
Have the children- tell you where each numeral goes. Then
say that yesterday you bought a quart of milk and a half-
pint of coffee cream. Put these figures in the chart. Then
ask the children the total quantity of liquid you bought, but
do not write down their answers.

G 0 P 2P

/ / 0

0

/

O

OUR COMPUTER NEEDS SOME RULES TO TELL IT HOW
TO ADD LIQUID VOLUME MEASURES. LET'S SET UP'A
COMPUTER AND MAKE UP THE RULES SO THAT IT CAN
ADD THE QUANTITIES IN THE CHART.

Leave the chart on the board and go on to Activity B.

Activity B

Briefly review how the T piece
(Desks were labeled to represen
were selected from the, class to
mers or Computers.) Recall tha
it was told to do. Emphasize t
certain rules for the computer t

Rule 1. Each place coul

.;

omputers were set up.
place Values and children
ct as Recorders:, Program-
the computer did only.what
t it was necessary,to make
follow. The rules were:

accept only one d of piece.
44,
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0

Rule 2. Each place could not have more than nine-
piebes. (If there were more than nine, ten
pieces had to be traded in for the next larger
piece.)

Rule 3. Each place must tell its contents ta the Pro-
grammer when he calls for it.

Have five children push their desks together in front of the
room. They will act as Computers. Bring oat the desk
labels and masking tape. By studying the column headings
the children should be able to tell you where each label is
to be placed. Tape the labels to the desk as the children
locate the proper positions. Give each child a few small
blank slips of paper.

Select one student to serve as the Banker. Have him 'some
to the bank and group the containers according to size With
the smallest containers on the right side of the table. (The
containers should already be labeled.) Ask the children if
they agree with the grouping and ordering the Banker has done.

ARE THE CONTAINERS GROUPED IN ORDER ACCORDING
TO SIZE? (Yes.)

or 6 4
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Ask the danker to read to the class the label on the smallest
container. Point to the title in the right-hand column of the

'chart on the chalkboard. The Banker should continue to
read the 'labels on the containers in each size category as
you point to its place on the chart. Then ask:

SHOULD;WE FEED T PIECES INM OUR COMPUTER?
(No, we 'should use half-pints, .pints-,'quarts, -half-
gallons and gallon's.)

Choose a Recorder and two Programmers,. Have the Recorder
read the quantities in the first row of the chart (one half-pint,
one quart and cane half-gallon) while one Programmer gets the
container corresponding to each measure from the bank.
These containers should be filled with water and put in the

zproper places in the computer. /

IPTI :01047.;
'

.1 0/
^44ii4;:r a ;

14 1
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Ihe other Programmer should then go to the bank and get the
containers that illustrate the amounts fOr, the second:row as
the Recorder reads these quantities. The Programmer fills
these with water and puts. them. in the computer. Now the
computet must find the-total. Before it can do so, it must
have a.set2o_f_retres to f011ow: Keeping in mind the rules that
the addition and subtraction computers followed, ask.the
childien to sug-test-rales for this computer. These should
include:

Rule I,. Each place in the computer earl. accept only.
one kind of unit.

_Rule 2. The computer counts the number of containers
in each place.

0

Rule 3.. The *computer feeds out the number of .units in
each place.

When the computer follows these rules it will feed out these
totals. (Write them on the chart.)

O

G IG Q P 2P`
/

0

Q 09 /

0 i 0 (9--

Suggest a rule for the computer to regroup:

Rule 4. If any place in the computer.contains enough
of one kind of unit to form the next`larger
unit, it must exchange the correct number of
smaller units for one unit of the next size
and put that unit in the proper place.

kt,
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Remind the children that in the T pieces computer, 10 pieces
of one kind were exchanged for 1 of the .next larger pieces.
But this computer is different. Lead the children to suggest
filling the smeller containers with water and then pouring
the water into the larger cont&iner, In this way they can
deterthine.fOrsiire how many smaller-containers equal's
larger one.

There are two half-pints in the computer, so the child at that
place asks the bank for the next larger unit, one pint: He
Ours one Of his half-pints into the pint Container and dis-
covers that the pint container is only about half full. If he
thinks another half-pint will fit into the pint, let him pour it
in. He will see that two half,Tint:s equal one pint. Then he
puts the lilted pint container into the proper place in the com-
puter and returns the half-pints to the bank. Emphasize that
two half-pint containers hold exactly the same amount of
water as one pint container, that is, these two measures are
equivalent. (If the two half-pints did not. completely fill the
pint container, have the children spedulate as to why they
did not. Perhaps the two half-pint containers were not com-
pletely full or some water may have spilled while the child
was pouring-.)

The last rule for this computer-should now be revised to say:
4 ett

RUle 4. If two containers app'eat in any one place at
the computer these two must be exchanged
for one of tilt. next larger containers. An eScr
ception is gr-ilon's place which can hdld more
than two containers.

The child at the quart place of the computer exchanges the .
two quart containers for one half-gallon container. Again
emphasize that these are equivalent in" volume.. When the
new half-gallon containefis pit in the proper place, two
haif-gallon, containers can be exchanged for a gallon con-,
Miner. i - ,

. .

The children at the computer starting with the half -pint'
place, feed out the numerals 0, I , 0, 0, Irby writing them

81
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on slips of paper. Each slip should also be labeled with0

the place. value. The Recorder fitlI1 in the chart. on the
chalkboard.

Choose other children to operate the computer and worK a
few more prOblem.. The children should learn to disCriminate.
visually among the sizes cd the containers, so remove the
labels a&- soon as- possible.
. . , .

While the children. are ttsifig the computer to do problems,
discuss with them its similarity to the addition and subtrac-
tion computers they'used that were base-ten computers.
The rules by which tho.3e computers and this one operate%
are the same except that this computer must regroup when
it has two or more containers in a place. The base-ten com-
puter did not regroup until it had ten or more piedes in a.
place. Let the children discuss the idea that,this Computer
could be used to add and subtract numerals using any base,
with only slight changes in the rules to allow forregrouping
in the proper base.

Activity C

In this activity the children do more 'addition problems,with
volume containers and the cOmputor. If the children in your
class did well' on Activity B, you can omit thiS activity, or
perhaps go through the procedure once as review' befdre start-

; ing Activity D. - ..4,

Place all the containers li ted in the beginning of this les--;
son on 'a table. -pes:ignate five desks to be the'compUte
and label them with the place! Value names, The-children
at these desks can serve as Computers. Select a child to
be Recorder and have him draW a diagram Of.the computer
on the chalkbbard: The children who -Cloilizt have a role
should act as Repairmen, watching carefully to see that the
containers are fed into the proper places. Randomlyldistr'il;-'
1.11<4y container to each Repairman. Call on Owed students
to "fe Id" the container's they have into the computdt one at
a time at the proper place. It is important that no two chil-
dren you call on have the same size container. c

82
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The Recorder should write on his chart in the proper place
the number of containers that have been entered or fed
into the computer. For example:

&

Q p .
.

I .
a.

Call on two to four more children to feed their containers
one at a time into the computer. The Recorder should write
in the second part of the problem on his diagram.

G
:

iG2 Q - P
1
P-2

a i

Now that the computer has been programmed, have each
place add the number of containers it has. Retnind the Com-
puters that each place must trade in its containers if it has
two or more. If a place needs to exchange two of its con-
tainers for the next larger, that child Should find the proper
container on someone's desk and exchange it for his two.
He shoulcC'take the larger container b7 to the computer and
put it in the next larger place. Whi the computer is re-
grouping, the Repairmen should watch for errors.' You may
want to allow the person finding an error to replace the person
whO made the mistake.

L.
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',527o When the computer has finished its o.omputation, the Record-
,er calls on each place to tell its answer. The solution to
the sample problem is:

84

S

In some problems the gallon's place may end up with more
than two containers. Remind the children that the number of
gallons can go over two without regrouping. (A barrel is
usually a 31i-gallein cpntainer and a hogshead is a 63-gallon
container, but the children do not need to, know this.)

Have the class do several problems following this procedure,
Let different children operate the computer each time so that
,evetVone in the class gets a chance.

. I "
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Activity D

In Units..2, 8 and 21 the
children used concept trees/ to classify curves and sort
sets of objects infotubsets.

c° The relations among the
various liquid measures can
be described by building a
concept tree.

`

Place I9 tjalf-pint con-
tainers in row on a
table or onIthe floor. Have
the children turn to Work-
sheet 32 which they will
complete a you demon-
strate*. Th n ask:

HOW MANY HALF-PINT
CONTAINERS DOES IT
TAKE TO MAKE A PINT
CONTAINER?

Worksheet 32
Unit 24

Same

.

a

(It may be necessary to recall the regrouping the children
did in Activity B.) Then place one empti pint container in
front of two half-pint containers in your display. Ilse yarn
or string to connect the two half-pints to the pint. The chil-
dren should draw_ a pint container on their worksheet that

. depicts the same relationship; They should draw lines to
the pint 'container.

HO3Ar MANY'MORE TIMES CAN WE SHOW THAT TWO HALF-
PINTS MAKE A PINT? (8.)

-,
Have a child come up and put 8 pint containers in the propet
relationship to 16 half-pint containers in the display. Again
he can use yarn to connect the containers. Similarly have .

the children -draw eight more pint containers each in relation
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to two half-pint container on the worksheet and connect
thern.with lines.

Note that one half -pint container is left over and cannot be
paired. Ask the. class:

HOW MANY PINTS DOES IT TAKE TO MAKE ONE QUART?
(2.)

Select another Child to come to the display and depict this
relationship. He should place one quart container in front
of each pair of pint containers and connect them with yath.
The other children represent the relationship on their work-
sheets by drawing four quart containers and connecting each
quart to the two pint containers it equals. Again, one pint

IGO
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cannot be paired. Follow this procedure and combine quarts
. to make half-gallons and half-gallons to make a gallon. Have

the children complete Worksheet 32 as'you complete the dis-
play. The completed display should look like the diagram
below.

1 R.

I QT

a<7al.

Review the tree diagram and What it shows.

WE BEGAli,WITI.1 19 HALF-PINTS. WHAT DO THEY
EQUAL?

Answers may be given in terms of pints, quarts, half-gallons
or gallons. 'Accept all answers but be.sure that the children
do not forget the pint and half-pint that could not be paired.

. /
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IF THERE WERE MORE HALF-PINTS COULD WE BUILD
ANOTHER BRANCH FOR OUR TREE? (Yes.)

Continue asking the children_ what each level of the tree
equals in terms of the next larger level. Summarize the tree
diagram:

WE HAVE FOUND THAT 19 HALF-PINTS EQUAL ONE
GALLON, ONE PINT AND ONE HALF-PINT.

.

Help the children start Work-
sheets 33 and 34. Remind them
(if they forget)-that they must
regroup when there are two or
more containers in one place.
Be sure the children understand
how to use the. concept tree to
find the relations among the
various units of liquid ,measure.
Have the class cOmplete these

tt" two worksfieets and Worksheet
35 by themselves.

Vorkeheet 33
Unit 24

Change hilt -Dints to larger unite. Reeelaber the rule
for regrouping.

3 half-Wes

half-We

7 halr,pinte

10 hilt -pinta

12 hilt -pinta

1

14 half-pinta

10 hilt -pinta

gallon i gallon quart pint i pint

1

. ,

10 2
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Sorkaheet 34
1.-111t 24

hare

Sai the concept tree on the hoird to help answer the
quest ions.

1Hoe 441Y quarts are there mink 41i1011. ..

I tattoo It the aase
Iloe eolne pints are there In urn ¢al lunt_8.
I gallon It, the ease eel...pints.
floe autos ways .an you sake the same 41.. I bolt -.intim,'
One ,edy Is to use one quart ait1 two plot..

roil'esany other ways,san you ...Ike one 1,111-e.,1 ion) I t. I
them he

!pt ,,41'.P "3 t i,.t Pio( i7,,to

li t Ikatfpiwt5 3 no

4t,t$ a .0.4 ts
pst.f tp`..1401 1.".

!half s.b

r

it

srN

0

Worksheet 35
Intl 2.1

same

tont ept t rev

Draw to tontoIner on the

tontclit tree to represent

S halt-pints. I ow witty

twit-pints till I till one i Pint*. *"!

to eels

\ow draw in tontoiners

ND/N51ot the pints that 5

1111. lowm.ins pints "mid son 1,11 with tin

. wire then .111v k

now

1
Pow 0.111% l/Int .111 till 11110 to t there

pints . II Mire .111.C. thaw,

I mt.coms. II, ft et1,1;10( tb onnri th,1 .oit3t fw f Med.

q holt.isints Iry lM s..w0 .0 J... .m.14. Y 111015 Id
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Lesson" 13: LENGTH

This lesson begins with an act1vity.that presents a brief
histOry of measurement. It demonstrates the necessity of
standardized systems of measurement and motivates the
children to explore the two SysteRs that are in use today.
The students compate the British and metric sy tems, and
are introduced to the units of measurement, used in each.
The first two activities should take one class period.

In Activities C and E the children investigate the relation-
ships among the units of measurement in the British 'system.
Activity D is an optional activity that encourages further
'investigation of the metric system and the relationships
among its units.

MATERIALS

- foot ruler for each'child
- yardstick for every pair of children

- meterstick
- paper
- Worksheet 36

PROCEDURE

Activity A

Before standardized measures were introduced, the lengths
of various parts of the body were used as approximate mea-
sures. In this activity, the children will use their-feet,
thumbj, hands and arms.to measure things in the classroom.

Explain to the .class that a long time ago these measures
were used;

yard = the distance from the
tip of the nose to the
end of the middle fin-
ger on the hand of an
outstretched arm.

10
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foot =. the length of any
available foot.

palm = the width of four
firigers when the
fingers are closed.

inch = the width of the
thumb.

Have the children choose partners. For each measurement
the children make; one child ineach pair should lay down
the appropriate appendage while the other marks where the
measure falls. Have the.pairs.keep 'records- of their pea-

-sures on paper.

Ask each pair' to measure the width of a student's, desk in
palms and inches and record their results.. Then have sev-
eral different pairs measure the width of the door in palms,
the length'of the chalkboard in yards, the length of the
radiator or. other object on the floor in feet, and the length
-of-a--textbook iminches. Choose children who vary in size
to measure the same object.

103
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Have all the pairs that measured the sFme object read their
results. There_should be some variety among the answers.
Ask why these discrepancies obcurred (people-are different
sizes); Lead the children to the ides that a more accurate
system.ameasurement is needed for precise measuring.

Activity B .

. .
Tell the children that a lOng time ago people discovered
what the class ha& just discovered: that a more precise
system-of measurement 4as'needed. Write the-words
"British" and 'Metric" on the_chalkboard and explain that
these are names of two systems. Of measurement. Show-the
children a yardstick and write "yard" -under the proper head-

.

ing. Expkain that this is one of the measures in the British
system: Then show the children a meterstick, compare it-
withithe. yardstick and write, "meter" under 1!Metric." Ex-
plain that this is one of the units in the metric system.

Write the other units of measure used iri each system be-
neath the proper heading.. Ask the children to examine,
these closely and tell you'how many of each' kind of unit it
takes to make the.next larger unit. As you enter the mea-
sure, draw lilies on the board to show the lengthi of those
measurements that will fit on the chalkb'eard. The completed
chart is shown below.

British' Metric

12 inches
3 feet

5280 feet

.

=
=
=

.

43
I foot
I yard
I mile

.

.

.., .

10 millimeters
10 centimeters
10 decimeters

...._
10 meters
10 dekameters
1;0 hectometers

.

.

- =
= .

=

I centimeter
I decimeter
I meter, .

1 dekameter.
I hectometet
1 kilometer

10
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Point out to the children that the relationships among the
metric units are regular. Each unit is 10 times .larger than
the next smaller unit. Ask thechii0reri what a computer
using the,metric system would look Ake. Ask how Rany
metric units could be in each place of the computer before
they would have to regroup. (9. If there. were 10Sinits, the
computer could exchange them for i of the next larger units.)

In contrast, point out that' the British units are not regular.
For example, three feet make one yaid, but.12 inches make
one foot. Ask the children to imagine a computer-using the
British system; Lead them to see that they would have to
have a different rule for regrotiping at each place.

Activity

Choose an object in the room, for instance ydur desk top,
and ha've a child measure its length in inches with a yard-
stick.stick. Have him write the length of the object .in iriches on
the cthalkboard:

1'

!Then have each student take a blank sheet of paper and
'make the same number 'of dots as inches in the object along
one edge.of the paper. You should represent the inches with

!dots on the chalkboard. Then ask how we could tell the
number of, feet .in the object. (Connect every 12 inches.)
Draw lines to make a tree diagram which illustrates that
every twelve inches are equivalent to one, foot, and have
the children do the same on their p'apers. When they have
finished,' ask them to count the number of feet and remain-
inginches on their. charts.

In the tree diagram below, there are 38 inches or 3 feet, "2
inches; or one yard, 2 inches.

111111IIIIIIIIII 1 1 1 1 1 1 I I 1 I 1 1 I. 1 .1
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Have the children choose two other objects to measure.
Ask them to make diagrams to represent the lengths they
find in yards , feet and inches. The children may choose
to measure and compare their own heights.

Activity D

This.activity is optional. Repeat Activity C using the meter-
stick for measuring lengths. Have,the children draw a con-
cept tree to illustrate the length of objeCt they measured.
The cOmpleted.tree will,show the rerKtionships among the
units of measurement in that system. Compare these with
the relationships among the British system of measure.

1 a ,e%
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Activity E

In this activity the children have the opportunity to.practice
their measuring skills. Worl,thheet 36 provides a list of
things tc be measured. The children should measure each
item to the nearest units indicated at the right of the work-
sheet. For example, the width of a window is to be mea-
sured to the nearest foot while the length of the chalkboard
is to be measured to the ne'are.st.yard. Have the children
work .individually or in pairs.

The last fourdines on the Worksheet are blank so that you
or the children can choose some items to Measure. Ask
each child or pair of children to decide which unit of length
to use to measure each object. After all the measurements
have been taken, children can check with each other to see
if theYfound the same measurement for each object. Have
them justify the appropriateness Of the units they choose
for the last objects.:.

Worksheet 36
Un It 2d

Same

Measure. Use ruler or a yardstick.

Length of the teacher's desk (ruler! - - foot

width of the rooe,IyardalIckl

Width of one wIndor 't ruler)

Length of this worksheet Irulerl

width of 'you'e Msk Irulerl

Length of table (ruled

yards

;
Litt

Inch*,

Inches

Length of the chalkboard lyardatIckl _tusk
Write In the object. its oeseureeent, andthe unit yoo
measured with.

a

4
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Lesson 14: TIME

Clocks measure time in seconds, minutes and hours. We
'also use, day, week, month, year and century to describe
units of time. In-this lesson, the children investigate
relationships- among some of the units of time measurement.

- MATERIALS

- 2 or 3 sheets of paper per child

- clOok with second hand

-- masking tape
Worksheets 37 and 38'

PROCEDURE

Activity A

Discuss with the Children the relations among some of the
units of time measure. As various units are mentioned,
list them on the chalkboard. Your list might include:

60 seconds -= 1 minute

,60 minutes = 1 hour

24 hours =, 1 day

365 days = _ tyear
3,66 days = 1 leap year

100 years = -1 century

We are a-cCtistomect3to watching a clock to determine the
passage' of a certain amount of time. It is interesting to
try to judge. Some amount of time with our eyes closed.
Tell the children that they will try to judge when 60 seconds
have paSsed.. ..\ .

Ask. the children to. close iheir eyes and keep them closed
for 60 seconds starting when,you say "go:" Tell them'to
-open their eyes whenthey.think.the time has passed. When
they have their eyes closed you will be writing numerals on
theChalkboard to indicate the number of seconds that.have
lapsed. Start writing 5-secOnd intervals after 1-5 or 20 sec-

.onds have gone. by. As each child opens his eyes he notes

d.

Zr.



,the numeral you have just written to discover how long he
actually had his eyes closed. Caution'the children not to

- talk after they open their eyes so they-do not give away the
time. There will probably be much variation in the amount
of time the children keep their eyes closed.

Ask the children if they think they 7eould,come closet to
judgng"60 seconds if given another chance. Repeat the
procedure three or four times to allow each child to modify
his techniques for estimating the length of a minute's du-
'ration. After a few trials you may want to ask those chil-
dren who came close to 6.0 seconds what methods they
used to make judgments,' but do not spend too much time
on this.

Activity B

Give each student two or three sheets of paper. Appoint one
child to be the clock watcher. He is to call out each sec=
and in one minute. When you say'"gof " the clock watcher
is to start hiS coun , and each child is to make one tally per.
second for 60 se-con s.,on the edge of one sheet of paper.
Some of the children will need to use a second sheet of
paper while others --will crowd all their marks into a small
space along the edge. Point out that these diffetences do
not matter; each child's marks represent, one minute. - b

,

-The children ca illustrate that ittakes 60 seOorids to make'
one minute by,dawing-dines to show that all the'second
tallies produce one minute-tally.

1'1 I I 1111111111111 11 f1 11111 1111111 1. 1 1111
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Ask:

0

HOW MANY MINUTES DOES IT TAKE TO MAKE ONE HOUR?
(60.)

HOW CAN WE USE THE MINUTE REPRESENTATION WE
HAVE MADE TO ILLUSTRATE ONE HOUR?

Allow the children to give their ideas, and then suggest
that an hour could be illustrated by taping 60 minute repre-
sentations to the chalkboard. Have the children bring their.
minutes to you. Since there will not be enough to represent
an hour, have the class repeat the procedure to generate
more minute representations.

4

When 60 minutes haven been made, the representation of an
hour can be constructed by.taping them to the chalkboard
and connecting each one to a central point with chalk lines,
This procedure may seem to be busy work, but do 'not hasten
to drop the activity. Although students have occasion to
discuss the relationships that exist between units of time
measure, they seldom see these relationships other than on
a crock face.

Ask the children how this system of time measurement would
work in a computer. Point out, that there are 60 seconds in
one minute and 60 minutes in one hour, but there ate 24 hours

one day. The children will see that a computer would need
one rule when regrouping the ,seconds and minutes, but it
would need different rules for regrouping hours into days,,
days into weeks, weeks into months, and months into years.
Ask the class to state these rules. If you have time, set Up
a time measurement computer and have the children do some
problems that involve regrouping.

1!2

)

o



To review the relationships among time units, complete the
first part of Worksheet 37 with the children. Worksheet 38
reviews material covered in Section 2.

Worksheet-,37
tht t

F,111 In the blanks,

second,' -Lelnute LLeinutes ..Lhour
'LI hours = day 3" dive': -1-year

.J00 ye, j_. century

75 seconds inut and eeconds.

100 isinutes andil-inutes.
14 days _:..7_1uika

26 hour,8 _t_deys and hour..

Johnnie ran for 2 minutes and 27'aecceWs and then he

meted. Her than ran for 1 minute and 15 **condo. Hoe

Iona did he run altogether', J ""'I" and 41?"4-

Miry picked raspberries for 1 hour and 20 minutes In the

morning and t hour and 501eloutss to the atterneee.

long did she pick berries that lay? -3'40." low9000,011 .

1.4

Worksheet 36
Wit 34

Can you do these?

3 hours
2 hours

57 minutes
6 minutes

feet 7 inches
2 feet 5 Inches

b hours . -,_minutes i_teet o Incite'

4
yards 1 toot 7 Inches

l_yard 2 feet Inches
11 hours

- 1, hour
-811,puitvatss
50 Mutes

ys rd 40 hours I nut's

Fill In the blanks.

II halt-pints =.1..halt-gallons,..t_pinte and
halt- pinta.

h atch is longer. a meter or a yard? Ate,.

which Is more ties, a minute or 'smelt -.46*ot

Which holds more, a pint or a wart? urt

W hich Is longer, 3 feet or 1 yard? Sore

hatch is gore time, 1 hour or 70 minutes? 7" 1"t4.

r,
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SECTION 4

PURPOSE

THE POURING SYSTEM AND THE BALANCE BEAM SYST;11
,

To introduce the childien to self-instructional materials.

- To provide the children opportunity to analyze and compare
two different systems. .. . .. .

To prOvide practice in using graphing to analyze systems
and Co store data.

COMMENTARY

This section consists of two bookletS in the Student Manual,
both of which are designed to be read and Completed by the
students. witha minimum of help from\you.

1. You Will want to teed through\ the copy of the book- ,
`+ lets with answers, but you should also complete both

--;
4 booklets on your own. to familiarize yourself with the

, content before introducing them to the class. This
will help you anticipate problems the children might

''c', encounter. , , i

\ ; i
\'

2.. The:necessary materials for the bOoktets should be
_pla4cr,:ip a convenient spot in the classroom. The ,,,,

L.
, , .

,,,i,
students.work in pairs. Each ..child fills'in his own
answers in the booklet in his manual.

\

3. Half the class begins with the BalanCe' Beath System
while the Other half begins on the PoUring System
because there isnot-enough equipment for all chilt.
dretriO do the same booklet t'the.;,same time. As

. .
each pair finishes on they go on to the
other One. Ealch boo : should. take no more than one
week: Even if some ibhildren; do not finish in that
time, they must stall oh-the other booklet. They- can
Complete the bOokletS in their own time- if they wish.
Those children who finish both booklets quickly can
spend the remaining time playing the mathematical
games frorn Lessons 3, 6 and 11.

vb
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4. A letter to the students appears just before the
booklets in,the Student Manual. The whole cliss
should read the letter together. Each pair of
students work together with the pouring and balanc-
ing, but each child should decide his own answers.
.Then the two compaie answers and go over the work,
if necessary, until they agree.

5. The students should work swiftly but carefully
through their booklets. You should check each
pair's work daily to be sure that they are not
making errors such as working with an unbalanced
beam, spilling water from a measured tube, or
writing ordered pairs incorrectly; You may want to
walk- around as the students experiment, checking
their procedures and written work.

Though the children may not have worked with self-instruc-
tional materials before, they will be working this way often
in third grade units. Encourage them to work out difficulties
they may have by themselves.

Because the children will have to become accustomed to
working on their own, the firSt job booklet might go more

;slowly than the second.

$tudents.with reading problems might be grouped together
so that you can help them get started'on each job. At no
time should one student in any pair be alloWed to dominate'.
the work to the extent that the other student doesn't get a
chance^to generate his own answers. If this occurs, have
the children change partners.

As the students pour water and balance the beam, they are
asked to find and describe many different states of the
systems in which:

a. The dePth,in either tube is a whole unit.

b._ The depth in either tube is not a whole unit.

c. The beam is balanced.

d. The.beam is not balanced.

115
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Once they have generated these states, the children describe
them by one of these two techniques:

1. Ordered pairs.. The ordered pair that describes the
state of this system (the depth of the Waterjn-each
tube) is (7,3). For this example the children
would be asked to find and describe all the states
of this system of 10 units of water. Other states
would be (8,2), (9;1), (10,0), etc.

( 7,3 )

re.

Points on a grid. The children are asked to,find
many different,combinations of places to hang two,
paper clips so that the beam balances. They, then
-graph these, combinations on a grid. One point,that
describes a-balanceestate is at (20, 80k Later'
an extra clip is added and the Children are asked to
find and graph balanced states, Of this new system.

S

20 80

I iii
( 20,80.)
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In the Pouring System boOklet the children should discover
that when they change the state of a system, the total amount
of water does not change. If the children are asked to write
four ordered pairs for a system containing nine units of water,
they should discover that the Sum of each ordered pair will
equal nine.

With the Balance Beam System booklet the children learn
that to balance the, beam with two paper clips., the ordered
pair must total 100.. For example, if they are told that the
red clip is at 70, they can predict that the black clip must
be at .30.

Another-way the children can predict.the position of the
clip when given* the position of the red clip is to determine
how far from the center" the red clip is. If it is at 70, they
see that it is 20 units from the center. Then they will dx4cov-
er thatto balance the beam, the other clip must also be 20
units from the Center, at the `30'30 mark..

During later jobs in the Balance Beam Booklet the children
use three paper blips: one red, one black, and one station-
ary silver'clip. When the silver clip is in position, say at
60. the children must determiriewhere to put the other two
clips. They lAiilless'ee that the distance of one clip from the
center of the beam must equal the distance.of the other clip
plus the distance of the silver clip. In other words, the
distance of the cfip on one side must equal the combined
distances of the two clips on the other side. The ordered
pair (10, 80) balances the beam when the silver clip is at
60. The silver clip is 10 units from .the center and the clip
at the 80 mark is 30 units from the center. These two clips
area total diStance of 40 units from the center. The third
clip at 10 is also 40 units from the center, so both sideS
balance.

40'

distance of red
clip from center
of beam

.

30

distance of
black clip
from center.

., 1 0'

distance of
silver clip
from center

I O3

3%
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In somesome jobs the children are asked to write several ordered
pairs that wilt balance the beam When the silver clip is at a
certain point, say 60. After Wilting several* such pairs, the
children are asked to add the numbers in each pair. They
discover the sum of 6ach`pair is the same when the beam
is bal ced and the silver clip is stationary.

MATERIALS

-- for each pair of children --

Pouring System:

2 plastic tubes,

measuring -cup,':

butCher ,tray/
7

maskingApe

Balance' Beam System:

meter stick

inche'S in diameter and 4 inches long

wooden block

black)*6 paper. clips, (2 red, 2 silver ;2 black)

straightened paper clip

masking tape.

-- for the class --

pail (optional)

PREPARATION

,
Straighten one paper clip for each pair of ,children who will

, be working on the Balance Beam System. The clip will
support the meter stick which acts as a ,balance arm.

A completed beam balance appears on page 126.
118
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Each child-working on the Pouring System will need two.
plastic tubes, 1:i inches in diameter and 4 inches long.
For every tube, cut off a ten:-unit length of centimeter
tape. Tape it`to the outside of the tube, making sure
that the zero mark rests where the tube cavity begins
rather than at the base of the tube. For a completed tube,
see page 108.

A

No,

base

0-
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UNIVERSITY 0:y4inmsota,

Office of the Director

Dear Student,

MINNESOTA SC1100L4MATILEMATI.CS-ANO SCIENCE CENTER
720 WASHINGTON OE isiuE S.E. ivNIINNEAPOLIS,MINiIESOTA 55414

Your teacher has told you to turn to either the Pouring System-booklet
or the Balance Beam System booklet in your -Student. Manual. You and
your partner should work together yoUr booklets;.. .Read each page
very carefully and try Willi in e-very blank and to answer:all the
queitions. Be sure to discuss allyodi ans;Wers with ybui partner.
If you and your partner disagree, the twbr of you 'should,-work the prob-
lem again tc find the correct answer.

Sometimes it may beard to.find..the-'answer to a question. When
this happens, read-the question again.~ Tty working 'the problem a-
different war,' Dqn't go .to-yourteacher unless you and yoi.r part=
ner just can!St find the answer.- For' some 'questions, there.may be

,More than one correct answer.'
-F,

. From time t, me, the teacher will look at the work yOu've done..
She will beThecking to see that you have done the jabs correctly
and that you are working as fast as you can. Each booklet should
take one week. If you don't get donewith one of the booklets.:in
time, you can finish it in your spare time.

Have fun.

Sincerely,

The Authors

12
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